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ABSTRACT 


The methods and compositions of the present invention are directed to enhancing an 
immune response and increasing vaccine efficacy tlvough the simukaneous or sequential 
targeting of specific immune system components, Mor^ particularly, specific immune 
components, such as macrophages, dentritic cells, B cells and T cells, are individual ly 
activated by component-specific immunostiraulating agents. One such component-specific 
immunostimulating agent is an antigen-specific, species-specific monoclonal antibody. 
The invention is also directed to a method for the in vitro production of the antigen- 
specific, species-specific monoclonal antibodies which relies upon the in vitro conversion 
of biood-bome immune cells, such as macrophages and lymphocytes. Vaccine efficacy is 
enhanced by the administration of compositions containing component-specific 
immunostimulating agents and other dements, such as antigens or carrier particles, such as 
colloidal methods, such as gold. 
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Invention Title: 


Methods and compositions for enhancing immune response and for 
the prodttction of in vitro mats 


The following statement is a fiill description of this invention including 
the best method of performing it known to us:- 


lA 


METHODS AND COMPO SITIONS FOR ENHANCING IMMPNE RESPONSE 
AND FOR T HE PRODUCTION OF IN VITRO MASS 


This is a divisional of AU the entire contents of which are incorporated 

herein by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to immunology. More specifically, the 
invention relates to methods and compositions for the enhancement of an immune 
response in a human or animal. Such enhancement may result in stimulation or 
suppression of the immune response. The invention also relates to targeted component- 
stimulating compositions that easily and efficiently present antigenic components to 
particular immune cells to enhance an immune response in a human or animal. The 
present invention further relates to the use of such methods and compositions for the 
production of antigen-specific, species-specific monoclonal antibodies and the in vitro 
methods for production of such antibodies. 

BACKGROUND OF THE INVENTION 

The introduction of desired agents into specific target cells has been a challenge 
to scientists for a long time. The challenge of specific targeting of agents is to get an 
adequate amount of the agent or the conrect agent to the target cells of an organism 
without providing too much exposure of the rest of the organism. A very desired target 
for delivery of specific agents is the selective control of the immune system. The 
immune system is a complex response system of the body that involves many different 
kinds of cells that have differing activities. Activation of one portion of the immune 
system usually causes many different responses due to unwanted activation of other 
related portions of the system. Currently, there are no methods or compositions for 
producing the desired response by targeting the specific components of the immune 
system. 

One method that has been used with limited success is the targeting of cells that 
bear a specific receptor and providing an antibody to ttot receptor that aas as a canier 
for an agent. The agent could be a pharmaceutical agent that is a cell stimulant or 
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the therapeutic agent could be a radioactive moiety ihat causes cell death. Hie problems 
inherent in this techniques are the isolation of the specific receptor, the production of an 
antibody having selecUve activity for that receptor and no cross-teactivitie$ with other 
similar epitopes, and attachment of the agent to the antibody. A problem attendant to 
such limited <fcliveiy is that the agent may never be teieased internally in the targeted 
ceU. the agent is not releasably bound to the antibody and thei^ore. may not be fully 
active or capable of any activity once it is deliveiwJ to the site. 

The iramune system is a complex interactive system of the body that 
involves a wide variety of components, including cells, cellular factors which interact 
with stimuli from both inside the body and outside the body. Aside from its direct 
action, the immune system's response is also influenced by other systems of the body 
including the nervous, respiratory, circulatory and d^esdve systems. 

One of the better known aspects of the immune system fe its ability to 
respond to foreign antigens presented by invading organisms, cellular chaises within 
15 the body, or from vaccination. Some of the first Idnds of cells that respond to such 
activation of the inrniune system are phagocytes and natural killer cells. Phagocytes 
include among other cells, monocytes, macrophages, and polymorphonuclear 
neutrophils. These cells generally bind to the foreign antigen, intemaliie it and may 
destroy it. They also produce soluble molecules that mediate other iramune responses, 
such as inflammatory responses. NMural killer cells can recognize and destroy certain 
virally-infccted embryonic and tumor cells. Other factors of the immune response 
include both complement pathways which are capable of responding iiriependently to 
foreign antigens or acting in concert with cells or antibodies. 

One of the aspects of die immune system that is in^wrtant for 
vaccination is the specific response of the immune system to a paiticular padK>gen or 
foreign antigen. Part of the response includes the establistanem of "memory" Tor that 
foreign antigen. Upon a secondary exposure, the nricmwy fijnaicMi allows for a <)uicter 
and generally greater response to the foreign antigen. Lymphocytes in^xwioert widi 
other cells and factors, play a major role in bodi the memoiy function and the r^ponse. 

Generally, it is thought that the response to antigens involves both 
humoral responses and cellular responses. Humoral immune respond are mediated by 
non cellular factors that are released by cells and whfch may or may not be found free in 
tfje pt^ma or inoacellular fluids. A nruyor component of a humoral response of die 
immune system is ntediated by Mitibodies produced by B lymi^ocytes. CfeU-mediated 
inunune responses result from the interactions of cells, including antigen presenting 
cells and B lymphocytes (B cells) and T lymphocytes <T<»IIs). 


20 


3 


"Hie response is initiated by the pecognition of fcneigt) anti^ns by 
various kinds of cells, principally macrophages or other antigen presenting cells. This 
leads to activation of lymphocytes, in particular, the lymphocytes thai specifically 
recognize that particular foreign antigen and results in the development of the immune 
5 response, and possibly, elimination of the foreign antigen. Overiaying the immune 
response directed at eliminadon of the foreign antigen are complex interacuons that lead 
to helper functions, stimulator functions, suf^resser functions and other pesponses. The 
power of the immui« system's responses must be carefully controlled at multiple sites 
for stimulation and suppression or the response wiD either not occur, over respond or 

10 not cease after elimination. 

The recognition phase of response to foreign antigens consists of tiie 
binding of foreign antigens to specific receptors on immune cells. These receptors 
generally exist prior to antigen exposure. Reccjgnition can also include interaction with 
the antigen by macrophage-like cells or by recognition by factors within serum or bodily 

15 fluids. 

In the activation phase, lymj^ocytes undergo at leaa two major changes. 
Tlwy proliferjue. leading to expansion of the clones of ant^en-specific lymphocytes and 
amplification of the response, and the progeny of antigen-stimulated lymphocytes 
differentiate either into effector cells or into memoiy cells that survive, ready to respond 
20 to re^xposure to the antigen. There are numerous amplifrcation mechanisms that 
enhance this response. 

In the effector phase, activated lymphocytes perform tiw functions that 
may lead to elimination of the antigen or establishment of the vacciiK response. Such 
functions include cellular responses, such as regulatory, helper, stimulator, suppressor or 
25 memory functions. Many effector functions require the combiiKsd participation of cells 
and cellular factors. For instance, antibodies bind to forei^ antigens and enhance their 
phagocytosis by blood neutrophils and mononiwlear phagocytes. ComplenKnt 
pathways are ac^v^d and may participate in the lysis and phagocytosis of microbes in 
addition to triggering t^er body responses. sw:h as fever. 

In die inuiHine response to antigens, immune cells interact widi -each 
odier by dir»:t cell to cell contact or Indatxx cell to <se^ (factor mediated) 
communication. For example, interactions between T cells, macrophs^<s, dendritic -cells, 
and B cells are necessary for an effective immurre response. B and T cells are activated 
by signals from dendritic cells or macrophages, which are anti^n presenting cells 
35 (APC) that present antigens and deli<s«r activ^on signals to restir^ -cells. Activa^ T 
<«lls help control immune responses and pamcipmB in the removal of foreign 
organisms. Helpo- T cells cause cells to become better effector cells, such as helping 
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cytotoxic T cell precursors, to develop into killer ceUs. helping B cells make antibodies, 
and helping increase functions of other cells like tnacroph^cs. Activajed B cells divide 
and produce antigen specific antibodies and memory B cells. The cells involved in the 
immune response also secrete cellular factors or cytoWnes. which enhance the fumtions 
of irfiagocytes, stimulate inflanmnatory responses and effect a variety of cells. 

Hw reactions of these cells also involve fee<tt)ack loops. Macrophages 
and other mononuclear phagocytes, or APCs. actively phagocytose antigens for 
presentation to B and Tcells and such activity can be enhanced by lymphocytic ^llular 
factors. Macroph^es also produce cytokines that, among other activities, stimulate T 
cell proliferation and differentiation, and that ncnih other inflammatoiy ceHs, especially 
neutrophils, and are nssponsible for many of the systemic effects of inflaram^on, such 
as fever. One such cytokine, called iiuerleukin-12, is especially important for Ac 
development of cell-medisued inununity. 

Dendritic cells are also APCs which initiate an inunune response. There 
are a number of different types of dendritic ceils, includir^ lymphoid dendritic cells and 
Langerhans cells of the skin.. They can be found throughout the body and particularly 
in the spleen, lyn^h nodes, tonsils, Peyer's patcht^ and thymus. They aie irregularly 
shaped cells which continuously extend and contract dendritic (tnse-lila) processes. 
One of their roles in the immune system is to regulate and induce B and T cdl activation 
and differenUation. They are potent accessory cells for the development of cytotoxic T 
cells, antibody fonnation by B cells, and some polyclonal responses mm oxidative 
mitogenesis. They also stimulate T cells to release the cytokine intcrleukin-2. 

An important arm of vaccination is the response to antigens that is 
provided by B lymphocytes or B ccUs. B cells represent about 5 to 15% of the 
circulating lymphocytes. B cells produce immunogk^lins. %G. jfeM. IgA. IgD. and 
^ which may be released into body fluids, secreted wiA attached proteins or be 
inserted into the surface membrane of the B ceU. Such immobiiized immunoglobulins 
act as specific antigen receptors. In responding to antigen, these immunoglobulin 
receptors are crosslinked, known as capping, followed by intemalization and degradation 
of the immunoglolHilin. Capping also occurs with glycoproteins located tm the surface 
membrane of the B ceils. 

The B plasma cells produce and secrete antibody molecules that can bind 
foreign proteins, polysaccharictes, lipids, or odwr dwmicals in extra cellular or cell- 
associated forms. The antibodies produced by a single plasma cell set specific Tor one 
antigen. The secreted antibodies bind die andgen and trigger the mechanisms that 
facilitate djeir destmcdon. 

Monoclonal Antibodies 


One of the most widely employed aspects of the immune lesponse 
capabilities is the production of monoclonal antibodies. The advent of monoclonal 
antibody (Mab) technology in the mid I97Cte pjovkled a valuabte new therapeutic and 
diagnostic EooL For the first time, researchers and clinicians had Bccess to unlimited 
quantities of uniform andbodies capable of binding to a predetermined antigenic si^ and 
having various immunological effector functions. Cunently, the techniques for 
production of monoclonal antibodies is well known in the art. 

These monoclonal antibodies were thought to hold great ptomise in 
medicine and diagnostics. Unfortunately, the development of therapeutic products based 
on these proteins has been limited because of problems thm are inherent in monoclonal 
antibody therapy. For example, most nK)noclonal antibodies are mouse derived and, 
thus, do not fix human complement well They also lack <Mher important 
immunoglobulin functional characteristics when used in humans. 

The biggest drawback to the use of monoclonal antibodies is the fact that 
nonhuman monoclonal antibodies are immunogenic when injected inu> a human patient. 
After injection of a foreign antibody, the immune response mounted by a patient can be 
quite strong. The immune respond causes die quick elimination pf the foreign 
antibody, essentially eliminating the antibody*s therapeutic utility after an initial 
treaunent. Unfominamly, once the imnnine system is primed to respcmd m foreign 
antibodies, later treatments with tte same or different nonhuman antibodies can be 
ineffective or even dangerous because of cn>ss«re^tivity. 

Mice can be readily immunized with foreign antigens to produce a broad 
spectrum of high affinity antibodies. Howev^, the introduction of murine antibodies 
into humans results in the production of a human-anti-mouse antibody (HAMA) 
response due to the presentation of a foreign protein in the body. of murine 

antibodies in a patient is get^rally limited to a term trf days or weeks. Lcmger treatment 
periocb may result in anaphylaxis. Moreover, once HAMA has developed in a patient, it 
often prevents the hiture use of murine antibodies for diagnostic or tterapeutic 
purposes. 

To overeome the problem of HAMA response, researchers have 
attempted several approaches to modify nonhuman antibodies, to mske them human- 
like. These approaches include mouse/human chimers, humanizaiion, and primatization. 
Early work in making more human-like antibodies used conibined rabbit and human 
antibodies. The protein subuniu of antibodies, r^it Fab fragn^ts and human Fc 
fragments, were joined thrcnigh prcHein disulficte bonds to form new, aitificial protein 
molecules oc chimeric antibodies. 


Recombinant moiecular biologicai techniques have been used to create 
chimeric antibodies. Recombinant DNA technology was used to constnict a gene fusion 
between DNA sequences encoding mouse antibody variable light and heavy chain 
domains and human antibody light chain (LC) and heavy chain <HC) constant domains 
to permit expression of chimeric antibodies. These chimeric antibodies contain a lai^e 
number of nonhuman amino acid sequences and arc immunogenic to humans. Patients 
exposed to these chimeric antibodies produce human-anti-chimera antibodies (HACA). 
HACA is directed against the murine V region and can also be di^cied gainst tile novel 
V-region/C-region (constant region) junctions present in recombinant chimeric 
antibodies. 

To overcome some of the limitations presented by the immunogenicity of 
chimeric antibodies, moiecular biology techniques aie used to created humanized or 
reshaped antibodies. The DNA sequences encoding the antigen binding portions or 
complementarity determining regions (CDRs) of murine monoclonal antibodies are 
grafted, by molecular means, on the DNA sequences encoding the frameworks of 
human antibody heavy and light chains. The humanized Mabs contain a larger 
percentage of human anUbody sequences than do chimeric Mabs. The end product, 
which comprises ai^oximately 90% human antibody and 10% mouse antibody, 
contains a mouse binding site on an human antibody. It also contains certain amino acid 
substitutions from the mouse Mab into the framework of the humanized in ortler to 
retain die correct shape, and thus, binding affinity for the target antigen. 

In practice, simply substituting murine CDRs for human CDRs is not 
sufficient to generate efficacious humanized antibodies retaining the specificity of the 
original murine antibody. There is an additional requirement for the inclusion of a small 
number of critical murine antibody residues in the human variable legion. The identity 
of these residues depends upon the structure of both die original murine antibody and 
the acceptor human antibody. It is the pres^ice of these murine antibody residues tfuit 
helps create a HACA response in the pad«jt, leading to r^id clearance of the 
monoclonal antibodies and die fear of anaphylaxis. 

Another technique, called resurfacing technology, is used for humanizing 
mouse antibodies. Resurfacing involves replacing the mouse antibody surface with a 
human antibody surface in a process that is faster and more efficient than other 
humani2ation techniques. This technique provides a method of rettestgning murine 
monoclonal antibodies to resemble human antibodies by humsuuzing only those amino 
acids that are accessible at the surface of the V-regions of the recombinant Fy. The 
resurfacing of murine monoclonal antibodies may maintain the avidity of the original 
mouse monoclonal antibody in the reshaped version, because the natural framework- 


CDR interactions are retained. Again, these anUbodi<^ suffer from the problem of being 
antigenic due to their mouse orpins. 

Other technolc^ies use primate, rather than niot^, seqiien<^s to 
humanize Mabs. The rationale of this approach, called primatizauon. is that most of the 
sequences in the primate antibody variable region axe indistinguishable from human 
sequences, Primatizcd anti-CD4 Mabs for the tisatment of rhumatoid aithritis and 
severe asthma are being developed. However, these Mabs are still foreign proteins to the 
immune system of the patient and evoke an immune re^nse. 

In an effort to avoid die immune lesponse to foreign proteins, a variety of 
approaches are being developed to make human Mdbs that contain only human antibody 
components. One approach is to isolate a human B cell clone that naturally makes 
antibody to the desired antigen and grow it in a trioma cell cuhui^ sys^m. Because 
human antibodies are made only against antigens that are foreign to the host, none of the 
human B cells will make antibodies against human antigens. Therefore, this approach is 
not usefiil to produce Mabs against antigens that are human proteins. 

Two other approaches to ^^te human Mabs are phage display and use 
of transgenic mice. Phage display technique takes advantage of the abiUty of humans to 
make antibodies against any possibte structure. This technique uses tos antibody ^nes 
from many individual humans to create a laige library of lAagc antibodies, ^ach 
displaying a functional antibody variable domain on its surf^e. From this library, 
individual variable domains are selected for their ability to bind to the desired antigen. 
The Mab is created through molecular biolc^ ^hniques by combining an antibody 
variable domain having die desired binding characleristics and a constant domain that 
best meets the potential humian thei^peutkr product. Again, this technique lacks antigen 
specificity. The phage library canned <:ontain every binding FBgion for any and all 
desired antigens* It also may contain binding regions which Ixk specfficity. Thus* this 
technique may require considerable engiiKsering to inciease antibody affinities to useful 
levels. 

Transgenic mice are also being used to<:ieate "human'* antibodies. The 
transgenic mice are created by replacing mouse immunoglobulin gene loci with human 
immunoglobulin loci. This approach may provide advant^cs over phage display 
techndogies because it takes advantages of mouse in vivo affinity maturation machinery. 

All of the current technologks for producing human or human-like 
Mabs are insufficient to ptovide a species specific antibody that is antigen qxscific for a 
de^ribed antigen. Chimeric antibodies have the ^vantages of staining the specificity of 
the murine antibody and stimulating human Fc dependent ^onq)lement fixation and ccll- 
medialed cytotoxicity. However, the murine variable regions of these chimeric 
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antibodies can still elicit a KAMA response, thereby limiting the value of chimeric 
antitx}dies as diagnostic and therapeutic ^ents. 

Efforts to immortaUze human B-cells or to generate human hybridomas 
capable of producing immunt^globulins against a desired antigen have been -generally 
unsuccessful, paiticulariy with human antigens. Additionally, immune tolerance in 
humans prevents the successful generation of antibodies to seif-antigens. 

Vaccines may be directed at any foreign antigen, whether from another 
organism, a changed cell, or induced foreign attributes in a normal "seir ceU. The route 
of administration of the foreign antigen can help determine the type of immune response 
generated. For example, delivery of antigens to mucosal surfaces, such as orsA 
inoculation with Uve polio virus, stimulates the immune system to produce an immune 
response at the mucosal surface. Injection of anUgen into muscfc tissue often promotes 
the production of a long lasting IgG response. 

Vaccines may be generally divided into two types, whole and subunit 
vaccines. Whole vaccines may be produced from viruses or microorganisms which have 
been inactivated or attenuated or have been killed. U\c attenuated vaccines have the 
advantage of mimicking the natural infection enough to trigger an immune response 
similar to the response to the wild-type organism. Such vaccines generally provide a 
high level of protection, especially if administered by a natural route, and some may 
only require one dose to confer immunity. Another advant^ of some attenuated 
vaccines is that they provide person-to-person passage among meiriwrs of the 
population. These advantages, however, are balanced with several disadvantages. Some 
attenuated vaccines have a limited shelf-life and cannot widisumd storage in tfopical 
25 environments. There is also a possibility that the vaccine wUI revert to the virolent wild- 
type of the organism, causing hatroftil, even life-thicatening, illness. The use of 
attenuated vaccines is comraindicaied in immunodeficient states, such as AIDS, and in 
pregnancy. 

Killed vaccines are safer in that they cannot revert to virulenoe. They are 
30 generally more stable during transport and storage and are acceptable for use in 
inununocompromised patients. However, they arc less effective than the live atienua^ 
vaccines, usually requiring more than one dose. Additionally, they do not provide for 
person-to-person passage among members of the population. 

Production of subunit vaccines require Imowledge about the epitopes of 
35 the microorganism or cells to vi*ich the vaccine should be directed. Other 
considerations in designing subunit vaccines are the size of the subunit and how well the 
subunit represents all of the soains of the microorganism or cell. The curwot focus for 
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development of bacuaial vaccines has shifted to the gencmtion of subunit vaccines 
because of the problems encountered in producing whole bacmrial vaccii^ and the side 
effi^is associated with their use. Such v^ines Include a typhoid vaa:ine based upon 
the Vi capsular polysaccharide and the Hib vaccine to Haemophilus influemae. 

Other v^cines which have been developed include combination vaccines 
and DNA v^cines. An example of a combination vaccii^ is the Bordetella pertussis 
toxin and its surface fin*riaf hcmaglutinin. In DNA vaccination, the patient is 
administered nucleic acids encoding a protein antigen ti^t is then transcribed, translated 
and expressed in some foim to produce stiong, long-lived humoral and cell-mediated 
inmiune responses to the antigen. The nucleic acids may be administeied using viml 
vectors or other vectors, such as liposomes. 

TTie immune response cremed by vaccines can be non-specifically 
enhanced by the use of adjuvants. These ai^ a heterogeneous group of compounds or 
carrier components, such as liposomes, emulsions or microspheies, with several 
different mechanisms of action. 

In addition to the typical use of vaccines for protection against disease, 
vaccinmion is being us<«I to fight cancer. The kiea of non-specifically sttmulaiing die 
immune system to reject tiimors is nearly a century old. Coley, an early researcher in 
the field, used bacterial filtr^es with considerate success. Aaem;^ to vaccinae against 
cancer with purified cytokines and inununostimulants have had only limited succ^ and 
have been effective for only a few types of tumois* 

Many diseases, in addition to cancer, are mediated by the immune 
system. The diseases include aJiergies, eczema, rhinitis, uiticaria, anaphylaxis, transplani 
rejection, such as kidney, heart, pancreas, lung, bone, and liver tmisplants; rheumatic 
diseases, systemic lupus erthematc^us, iteumatoid aithritis, seronegative 
spondylarthritides, Sjogren's syndrome, systemic sclerosis, polymyositis, 
dermatomyositis. type 1 diab^es melljtus, acquired immure <^ciency . syndrome, 
Hashimoto's thyroiditiSt Graves' disease, Addison's disease, polyendocrine 
autoimmune disease, hepatitis, sclerosing cholangitis, primary biliary cirrhosis, 
pernicious anemia, coeliac disease, antibody-mediated nephritis,, glomemlonephritis, 
Wegener's granulomatosis, microscopic polyarteritis, polyarteritis nod<^a, pemphigus, 
dermatitis terpetiformis, psoriasis, vitiligo, multiple sclerosis^ etK:ephaJomyeIitis. 
Guillaln-Bane syndrome, myasttenia gravis, Lambert^£aton syndrome, ^lera, episclera, 
uveitis, chrcHiic mucocutanecnts candktiasts, Bruton's syndhfome, transient 
hypogammaglobulinemia of infancy, myeloma, X-lmked hyper IgM syndrome, Wiskott- 
Aldrich syndrome, ataxia telangiectasia, autoimmune heiiK>lytic anemia, autoimmum 
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S tSmmibocytopeiua, antoiinmiTnc neutK^penia, WaidenstnxDa's niaciOj^obuli&eima 

mnyloidosis, cb£oxtic lymphocytic leukemia, mi iioB-Hodgktn*s lyniphoma. 

Bccmise of the safety concerDs associated with ihe use of attenimted \>^ccit]^ 
and the low efficwy of IdUed vaccines, there is a neaed ia the art for ^compositions and 
rn 5 methods that enhance vacdoe efficacy* There is also a the ait foa- compositiom 

^ and mel;bod$ of eohancmg the Inrnnine system whkdi stimulate bodi huzoDzal and cett» 

^ mediated tespcmses. Thiae is a fbither need ib the an for 

CN) immune response and manipulating the vanous components of ihe immune symem to 

^ produce a desijicd ^response. Additionally, there is a need for methods and compositions 

O 10 that can accelerate and expand the immune response for a more r^id res^tase m 

£u::tivation. There is an increased need for tl^ abili^ to vaccinalje populations, of bo& 
humans aiu3 animals, with vac^anes that ^ 

What IB needed are compositions atid methods &sr target specific ddiveiy of 
agents to only the target cells. It would be preferable for some administrations and 
15 trealmrats if the agent is intcmali»d by the targeted cells. Once inside the cdH, tt© 
^oot diould be sufiSciently released from the transport system such flial the n^mt is 
acdve. Such compositions and methods should be able to deliver therapeutic a^mts to 
the tar^ cells efBciently. What is also needed are compositiDr^ and methods that can 
be used both in in vitm axbd in vivo systems* 
20 There is also a gciKral need for compositions of antigen specijRc, sp^es 

specific antibodies and improved metiK>ds for producing diem. There is a particular 
need fer methods for producing complclely human antibodies haviog afgnity for a 
predetezmined antigen. These human immunoglobulins sboidd be easily and 
economically produced in a manner suitable fiir tl^rapeutic and diagnostic fDnnulatioB. 

25 

SimiMARY OF THE INVENTION 

In one aspect the preseut invention provides a method for affi^g an immune 

response, comprising, administenng a conqsosition comi»isiiig colloidal metel 

particles, an antigen^ and at least one componooit-specific immunostimulating agent, 
30 wherein the component-specific immunostimulating agmt is uaterleuldn-ip (IL-1|S), 

tumor necrosis fector-a (TNFa), Flt-3 ligand^ interleukin-^ (SL-€)^ heat killed 

Mycobacterium butyricum^ or inlerlcukin-^2 {IL-2), 

The piesent invention further provides a method for afi^ctmg an immune 

response, comprising, administering a composition comprising colkncbl mcui 
35 particle^ an antigen, and at least one c^ponent^speciSe itnmunosdnmladng agent. 
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wherein the componeat-spcdiio immijnostimulating agent is mterli^jkin-ip C^L*1P), 
tumor necrosis fiictoi-a (JNFaX Flt-3 ligaiid, interleiilda-6 (IL^)» beat killed 
^ ii£Q^6<3fc:7«r/t/m buiyricum, or iiiterleukin'^2 (IL-2)» and wheredn tiie antigeii and llie 

immunostimulating agent are not the san^? rnoleculc. 
5 In aaother aspect, the present invention provides a method for enhaiiciDg 

^ v^ine efficacy coxnpri^ing administcaring a composalion comprising colloidaJ metal 

^ particles, an antigen, and at least one componcsit-specific iinmnnogHniiilirtiTis a^^t, 

fNl ivhmdn the component-Sfi^ific inunimc^timiilatmg agent is in1edeukin-13 QL-tp)^ 

2 tumor necrosis fectcwr-a (TNFaX Kgand, interleukin-6 {IL-6), heat lotted 


10 ifycobacteritm btUyticum^ or interleuldn-2 (11>2). 

The present invention &rther provides a method for ^^ibancii^ vaccine efQcacy 
<M9mpTidng adbnimstmtig a con^sition comptising colloidal metal particles, an 
antigen, and at least one compcodent-spedfLc immunostixntilati]:^ agents wiumin the 
coniponcnt*specific immunostimulating ag^ is intcrleukin-^1 P (IL-IPX tiimor rnxmsis 

15 factor-a (TKFa), Flt-3 ligaod, intoleukin-6 <IL-6), heat iiOal hfycobacteritm 
butyrUmm^ or interletddn-l and wherein the antigen and tbe immunostimuiating 

agent are not Cbe same molecule. 

Id another aspect the present uxv%xition provide an anl3£en-fi3»eci£ic, bman- 
specific monodonai antilK)dy comprised entirely of human pro^n, produced by a 

20 process consisting essentially of 

a) stimnlatmg immune cells from a human in vitro to activate tlie cells to 
produce a primary r^ponsc to an anti^n; wherein the mtigen is a 
coUmdal mckal bound antigen and 

b) immortalbdng the activated immune cdls; and 
25 c) selecting a morK>cloiM antibody prodtu^ing cell. 

Preferably, the antigen is selected &om the grtsirp consisting of IL-1, IL-2, 
11^, 11^5, IL-6, rL*8, OlO, BL-ll, lL-12, IL-13, Hpid A, phosphoUpase A2 

endotoxins^ staphylococcal entm>toxin B asul other toxins. Type I is^erferon. Type U 
interS^^x^i, TNF-a» TGF*p« lyKqphcHoxin, migration inhibition fineton;, CSF» numocyle- 

30 macrophage CSF, granulocyte CKF, \^GF, angiogenin, 1^ slxKsk proteins, 
carbohydmte moieties of blood gmtrps, Rh factors* fibroblast gtowth factor, 
inflammatory and immune regulatory proteins, nucleotides, IJNA, HNA^mRNA, sei^, 
antis^ise, polynucleotides, cancer cell specific aitttgens^ miirtmt f63, tyrosi&Bse, 
a^jtoimmune antigens, immunotherapy drugs, and allogenic and anti-angiogenic 

35 dn^. 
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p In enother aspect, the present iiivcation provides a mettiod fi^ tiie m vitro stfTmilfttim 

. immune cells to i»x>dtice ant^gm-^spedfley sipecii^'^^pccific mcoaocUmal entibCKlies 
comprising 

a) stimnltating immune cells j&om a human or animal m vftro to activate the 
CT) 5 cells to produce a pimary respoi^e to m anttgetai^ wli^mn the entigm is a 

coUoidaJ metal bound amigen; 
^ b) immojtaliztng the mim&i immom ceBs; md 

^ c) selecting a monoclonal snlibody produdng cell, 

g Preferably, the stimuk^ immune ceUs produced in step (a) me stored and tised 

^ 10 atalal^time. 

Preferably, the spedLes Is mammalian. More prej^sirafaly, the species is himim. 
Further, it is preferred that the antigen is s^s^Iected ficmi fee grotip consistiDg of 
E^2. IL^3, KM^ IL-6, Il>7, IL-S, JPL-IO. IL-12, IL*13, Kpid A, 

phospholij^;^ A2 endotoxins^ staphylococcal antitoxin B and otiier toxms^ Tyj^ I 
1 5 intafat>n, Ty|^ 11 interf^on, TNF-a, TGF-P, lymphotadn, migration inhibition fectOT, 
CSF, monocyte-macrophage CSF, granulocyte CSF, VEGP^ angiogenin. heat stock 
proteins^ carbohydrate moieties of blood grt^U]^, Rh &etor$, fibroblast growth &etis^, 
inflammatoiy and immune regulatory protehis« niKxIeoddes, DNA, KNA. mRjMA, seme^ 
antis^ise, polynucleotides, cancer cell specific antigens, mutant p53, tyrosinase^ 
autoimmune antig^^ immunotherapy drugs, and angiogenic and anti-ai^c^enic 
drugs. 

In ano^K^ a^)ect, the jmsoit invention provides a method &r the In vitro 
production of antigen-specific^ s^cdes-specijSc monocloml mtibodies compfisii3g 

a) incubating an antigen and antig^ presenting cells in vitro to active the 
25 anti^ presenting cells, vvhendn the anl^^en is a colloidal metal bound 

antigen; 

. b) cMidingBccIbl^the^vated APCsU^ptod^ 

c) immortaliidng the primary clones; and 

d) selecting a monoclonal antibody |stKincing cell, 
30 Preferably, the stimulated immune cdls produced in step a) are stcs^ed and used 

at a iatar time, 

Rrcferably, steps a) and b) are performed in a sin^c step. 
Preferably, the activation comprisea at least one immunostimulating molecule. 
Further, it is prcfcnrd that the antigen is selected from the gjcoup consisting of 
35 iL*l, IL-2, IL-3, IL^, IL^5, 11^7. IL-8, IL-10, BL-ll, IL^13. lipid A, 

phospholipase A2 endotoxins, staphylococcal enterotoxin B and other t^K^dns, Type I 
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:d ttaterfesoo. Type n loterfet^ TNF**a, TGF*^§, lymfhotojdn^ ttugratkm inbibitioii^tor^ 

^ CSF, moiti^c>tfi-maax^hag CSF, grsaiilocytB CSP, V^F, sE^^o^^eixiii, shock 

04 proteitis, carbohydrate moieties of blood groxqe^, Rh fectors, fibroblast growth fector, 

inflamiMtoiy and immune regulatory piotejBS, nucleoticfes, DNA, RNA, mRNA, sen^e, 
^ 5 antisense, polynucleotides^ cancer cell sproific andgeas, mutant pS3, tyrosmase, 

^ autoimmune antigens, hnmxm^ctm dn^gs. and angiogenic and anti^^ar^io^c 

^ ditigs- 

^ Tbc present invention also con^rises mctbods and conii|>ositions for taigeied 

Q delivery of component-speciSc immnnostimulating molecules to individual immtanc 

10 cells. These component*specific inunimostimiiiatmg molecules bind and stimulate 
specific immune cells becanse of i^djSc receptors on the cells. Ttn^« in a mixture of 
diffemit ceU typesp the comgfKinent-spc^ific inmunostimulallDg moleeales are bound 
only by cells having the selected receptor, and cells lacking the receiptor are unaSected. 
In sonEic popnlatioxus of iimnnne cells, only one cell type contains re^ptors tibat bind a 
15 given component-specific iminnnostimulattog agent hi other cdl |X)pubttions, mxiltiple 
immmie ceUs may contain the reocpto that binds the compoeent-^pecific 
inmimosttrnnlating agents Itisalsopos^lefi^'agiveiiodlltype tocmstainiecqp^ 
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for multiple component-specific iimnunTOtimulating agenis* 

TTie methods of targeted delivery to the immune <^ls may be such 
methods as those used for in vitro techniques SMch as addition to eeUuiar cultures or 
media or those used for in vivo administration. In vivo administration may include dii^t 
application to the cells or such routes of administration as used for deliveiy of vaccines 
to humans, animals, or other organisms* 

In one embodiment, the present invention comprises methods and 
compositions for the simultaneous and/or sequential targeted Emulation of specific 
individual components of the immune system by a putative antigen or vaccine molecule 
to enhance, alter* or suppress the immune response to the antigen/vaccine. Another 
aspect of the invention provides for increasing the efficacy with which antigens and 
vaccines induce an immune response. In one embodiment, the methods and 
compositions of the invention arc capable of the simultaneous stimulation of many 
diffeicnt individual immune components through the presentation of specific 
component*5timuIating compositions. 

The present invention also comprises compositions and n^thods for the 
sequential stimulation of the immune system by providing component-stlmulaung 
compositions at one or more steps in an immune responaj ca^:^ of interacting factors 
and cells. In one disclosed embodiment, the specific immune components stimula«:d are 
macrophages, dendritic cells. B cells, and T ceils. 

In a preferred embodiment, the methods comprise the sequential 
administration of coniponent-stimulating compositions, Tbc compositions may 
comprise the same component-specific immunostimulating ^nt given at different tirr^s 
or by different methods of administration* such as orally the Tmi time and by injection 
the second time. In another pnsfened embodiment, tte methods <K>mprise the sequential 
administration of different component-specific immunostinutiating agents, for example, 
a first component-specific immunostimulating agent will stimulate an initiating step of 
the immune response, followed by a later ^ministration of a second comportent-specific 
immunostimulating agent to stinuilate a later step of the iitunune response. The pr^^nt 
invention contemplates administration of multiple <;omponent-^p^ific 
inununostimuiating agents to intdate several pathways of the immune system, followed 
by later administrations of the san^ or other component-specific immunostimulating 
agents to continue and enhance the inmuine respcmse. 

Additionally, it is contempts in the present invention that the 
compositions and methods described herein can be used for stimulation of an immune 
response or die suppression of an immune respcmse. Administration of componeru- 
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specific immunostimulating agents for the suppression of immune responses can be 
used to control aucoimmune diseases or organ rejection. 

In another embodiment, the present invention comprises rm^thcxis and 
compositions for the production of antigen-specific, species-specific monoclonal 
antibodies. These methods and compositions rely upon the conversion of immune ^Us, 
In a preferred embodiment, the methods and compositions comprise the in vitro 
conversion of circul^ng immune cells. These cells mount a primary response to the 
antigen, resulting in the production of antigen specific antibody. TTicsc selected primary 
clones are then tmmoitalized to produce cells that secieie anttbodms tiomprised entirely 
of protein from the sel^t^d species. 

In a prefened embodiment of di^ favention the antibodies produo^d ate 
wholly human monoclonal antibodies which are produced through the in vitro culturing 
of human peripheral blood lymphocytes, A key element to this invention is the antigenic 
recognition of ^self * molecules. Such self molecules include thoK molecules that aie 
native or naturally occurring in an individual, as well as any mol^ule having a siruciuie 
which is the same as that which ocxurs naturally in a particular species. This rcc(^ition 
reduces immunogenicity because the antibodies contain protein from only one spreks- 

These antitNxiic^ however, may still result in some inunuiKsfeniciry 
because the protein contained within the antibody, while from the same species, is 
foreign to the individual. In another prefened embodiment, the monoclonal antibodies 
produced in vitro are made from die blood of a human or animal and then injac^ into 
that same individual. In such situMions, the antibodies produce little or no 
immunogenicity because tte antibodies arc comprised entirely of prt^in from that 
individual. 

Once these primary cultures have cmverted to the production of antigen 
specific antibody, they aic tmmoitaiized, for example, by fusing with human 
immortalized cancer cells or by transfecting the antibody producing cells with 
oncogenes, such as ras, or with viruses, such as Eps^in Barr vims. Tte lesuitant 
hybridomas are screened for specific antibody secretion and tten processed* for 
example, by limiting dilution procedures to isolate a single motKxlona] antibody 
producing cell. The resultant human monoclonal antibody contains only human protein. 
No aninial protein enters into the construction of tf« human nKmocIonal antibody. The 
absence of all animal protein ensures that no human-anti-animal antibody wiB result 
from the therapeutic administration of these antibodies. 

The methods and compositions of file piesent invention provide a now! 
and versatile approach to systems for the targeted stimulatim of an tmimiiK^ response. 
In one disclosed embodiment* the present invention ccMmpiises componeni^siimulating 
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compositions. In a preferred embodiment, the component-stimulating compositions 
comprise component-specific immunostimulating ^ents. In anoth«- prefened 
embodiment, the component-stimulating compositions comprise component-specific 
immunostimulating agents in association with colloidal metal. In yet another pi^efened 
embodiment, such compositions comprise an antigen in combination with a component- 
specific immunostimuiating agent, and in a further preferred embodiment an antigen and 
a component-si^ific inununostimulating agent are bound to a colloidal m«ai. such as 
colloidal gold, and the resulting chimeric molecule is presented to the immune 
comp<Mient. 

In another disclosed emfaodinient, the con^nent-stimulating 
compositions of the invention comprise a delivery structure or platform, to which one 
member of a binding group is bound, and the complementary member of the binding 
group is bound to an antigen or is bound to a component-specific immunostimulating 
agent. In a more preferred embodiment, one of the ccHnplementary members of the 
binding group is bound to a component-specific immunoaimulating ^ent, and another 
of the complementary members of the binding group is bound to a putitive 
antigenA^inc. The binding group members may be selected from ail such known 
paired binding gFOUi» including but not limiied to antibody/antigen; enzyme/substrsrte; 
and streptavidin/biotin. 

One embodiment of such a composition comprises a delivery structure 
or platform with a member of a binding group leversibly bound to it. A preferred 
embodiment of the present invention comprises colloidal gold as a platf<xin that is 
capable of binding a member of a binding group to which component-specific 
immunostimulating molecules and antigen/vaccine molecules are bound to creae a 
component-stimulating composition. In a more preferred embodiment, the binding 
group is streptavidin/bi<Xin and the component-specific inimunostimulatmg molecule is 
a cytokine. Embodiments of ttw present invention may also comprise binding the 
component-specific immunostimuiating molecules or antigenA/aocitM in a less spa;ific 
method such as by using polycations. 

The present invention also com|»ises preseiuation of antigen and 
component-specific immunostimulating agents in a variety of dilferent carrier 
combinations. For example, a preferred embodiment includes administr^on of an 
antigen in association with component-specific immunostimulating ^ents ami colloidal 
gold in a liposome carrier. Additional combinations are colloidal gold particles studded 
with viral particles which are the active vaccine candidate or are pack^ed to contain 
DNA for a putiuive vaccine. The gold particle may abo contain a cytokine which can 
then be used to target die virus to specific immune ceUs. Such embodiment provide for 
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an internal vaccine preparation that slowly releases antigen to the immune 
system for a prolonged response. This type of vaccine is especially beneficial 
for one-tinme administration of vaccines. All types of carriers, inclinlmg but 
not limited to liposomes and microcapsules are contemplated in the present 
5 invention. 

Therefore, it is desirable to provide reliable and facile methods for 
enhancing an immune response. 

It is also desirable to provide methods for improving vaccine efficacy. 
It is also desirable to provide vaccines that give effective protection 
10 with only one dose administration. 

It is also desirable to provide methods for the targeted stimulation of 
individual inamune components in a specific manner. 

It is also desirable to provide methods for the simultaneous 
presentation of an antigen and a component-specific immunostimulating 
15 agent to individual components of the immune system. 

It is also desirable to provide compositions comprising componani- 
specific immunostimulating agents that are capable of effecting a particular 
component of the immune system. 

It is also desirable to provide methods and compositions for 
20 suppressing the immtme responses. 

It is also desirable to provide compositions for using 
simultaneous/sequential component-specific agents to initiate an immune 
response to a primary cancer capable of not only enhancing the immune 
response to the primary tumor but also mounting a systemic immune 
25 response to residual disease. 

It is also desirable to provide compositions for using 
simultaneous/sequential component-specific agents to initiate an inMfiune 
response to a primary cancer capable of not only enhancing the immune 
response to the primary tumor but also mounting a systemic inmiune 
30 response to residual disease. 

It is also desirable to increase the antigenicity/inununogenicity of a 
molecule, 

* It is also desirable to generate a antigen-specific species-specific 
monoclonal antibody in vitro. 
35 It is also desirable to generate a wholly human monoclonal antibody 

through the in vitro culturing of human peripheral blood lymphocytes. 
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It is also desirable to eliminate the problem of antigen-specific species- 
specific induced immunity by providing a tieatment for4isaaBe$ with human 
antigen-specific antibcdies. 

It is also desirable to prodxK^ a monoclonai antibody that is person 
specific and thei^by eliminates a foreign immune response. 

It is also desirable to provide reliable and versatile methods and 
compositions for targeting the delivery of immune enhancing ^ents to 
immune cells. 

It is also desirable to provide methods and compositions for taigeted 
delivery of component-specific immunostimulating agents in vitro and in 
vivo. 

It is also desirable to provide methods and compositions for the 
targeted delivery of component-specific immunratimulating e^nts to cells 
having a specific receptor. 

It is also desirable to provide methods and compositions^omprising a 
targeted delivery system that is capable of binding and delivering a pntitive 
antigen/vaccine using a component-specific immunostimulating a^nt 

Any discussion of documents, acts, materials, ^vices, articles or the 
like which has been included in the present specifk:ation is solely for the 
purpose of providing a context for the present invention. It is not to be mten 
as an admission that any or all of these matters form part of the prior art base 
or were common general knowledge in the field relevant to the pre^nt 
invention as it existed before the priority date of each claim of this 
apphcation. 

Throughout this specification the word * comprise", or variations such 
as "comprises" or "comprising", will be understood to imply the inclusion of a 
stated element, integer or step, or group of elements, integers or steps, but not 
the exclusion of any other element, integer or step, or^ioup of elemente, 
integers or steps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This patent contains at least one color photograph. Copies of this 
patent with the color photographs will be provide by the Patent and 
Tradeniark Office upon request and payment of the necessary fee. 

Figure 1 illustrates the in vitro internalization of EGFA3G/IL-1^ complex 
by noacrophages. 
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Figure 2 illustrates the in vitro internalization of EGF/GGm>rF"a 
complex by dendritic cells. 

Figure 3 illustrates the in vitro internalization of EGF/CG/IL>6 complex 
by B-<:ells. 

5 Figure 4 illustrates the in vitro internalization of EGFyCG/IL>2 complex 

by T cells. 

Figure 5 illustrates the production of human-anti-hunian TOF-a 
antibodies by the process of the invention. 

Figure 6a is a 200x bright field micrograph illustrating the giant cell 
10 formation induced by this long term incubation of isolated human 

lymphocytes with colloidal goid/rNF-a. Figure 6b is a 200x pha^ contrast 
micrograph bright field monc^raph of the same cells. 
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Figuue 7 demonstrates the necessity of the colloidal gold to genemtc an 
antibcKiy response to self proteins. 

Figuie 8 illustrates that the gold stain is associated with free-floating 
clusters of activated B-cells. not macroph^es or dendritic cells. 

Figure 9 is a schematic drawing of a jn-eferrcd embodiment of the 
present invention. 

Rgure 10 is a graph showing the saturable binding kinetics of the 
delivery platform with TNF-a . 

Detailed Description of the Disclosed embodimekts 

Enhancement of an Immune Respnnj^ 

The present invention relates to compositions and methods for enhancing 
an immune response and increasing vaccine efficacy through the simultaneous or 
sequential targeting of specific imimune components. More panicularly, spteific immune 
components including, but not limited to, antjg^ presenting cells (ATCs), such as 
macrophages and dendritic cells, and lymphocytes, such as B cells and T cells, are 
individually effected by one or more component^specific immunostimulating agents. An 
especially preferred embodiment provides for aolivaticai of the irranune response using a 
specific antigen in combination with die cc»mponem*specific immunosdmulating agents. 
As used herein, component-specific immunosdmulating ^ent means an agent, that is 
specific for a component of the inmiune system, and that is capable of effecting that 
component, so that the component has an activity in the immune response. The agent 
may be capable of effecting several different components of the immune system, and 
this capability may be employed in the methods and competitions of the present 
invention. Tte agent may be naturally occurring (m^ can be ^ener^ed and manipulated 
through molecular biological techniques or protein receptor manipulatiem. 

The activation of the component in the immune r^ponse may result in a 
stimulation or suppression of other com{x>nenls of tte immune response, leading to m 
overall stimulation or suppression of the immune response. For ease of expression, 
stimulation of immune components is described herein, but it is understood that all 
responses of immune components are contemplated by the remi stimulation, iiKrluding 
but not limited to stimulation, suppression, rejection and feedback activities. 

The imrmme component that is effect may have multiple activities, 
leading to both suppression and stimulation or initiation or suppression of itedb^k 
mechanisms. The present invention is not to be limited by the exanq>les of 
innmunologkal responses detailed herein, but contemplates ix^miponent-specific effects 
in all aspects of the immune systemu 
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The activation of^ch of the compoiwnts of the iiMraine system may be 
simultaneous, sequential, or any combination thereof. In one embodiraem of a method 
of the present invaition, multiple component-specific tmmunostimulating agents aro 
adn^nistered simultaneously. In this method, Ae immune system is simuhaneously 
stimulated with four separate preparations, e^h containing a composition comprising a 
component-spccific immunostimulating ^ent. Inferably, the composition comprises 
tlw compCMfient-specific immunostimulating agent associated with coUoidai metal. More 
preferably, the composition comprises the component-si«cific immunostimulating agent 
associated with colloidal metal of one sized particle or of different sized particles and an 
antigen. Most preferably^ the composition coo^rises the component-specific 
immunostimulating agent associated with colloidal metal of one sized paiticle and 
antigen or of diff^^ntly sized particles and antigen. 

Tte inventors have found that they could use certain component-sf^cific 
immunostimulating agents provide a sp^ific stimulatory, up regulation, effect on 
individual immune components. For example* Interleukin-ip (DL-Ip) specifically, 
stimulates macrophages, while TNF-oc (Tumor Necrosis Factor alpha) and Flt-3 ligand 
specifically stimulate dendritic cells. Heat killed Mycobacterium butyricum and 
Interleuldn-6 (IL-6) are specific stimulators of B cells, and Interleukin-2 (IL-2) is a 
specific stimulator of T cells* Compositions comprisii^ such component-<specific 
immunostimulating agents provide for specific ^tivation of macrophages, dendritic <selis, 
B cells and T cells, respectively. For example, macrophages are activated when a 
composition comprising the component-^specific immunostimulating agent tt.-l|3is 
administered, A preferred composition is DL-ip in association with colloidal mctal» and 
a most preferred composition is IL-lp in association with colloidal n^tal and an antigen 
to provide a specific macrophage response to that antigen. 

Many elements of the immune response are necessary for an ^ective 
vaccination. An embodiment of a method of simultaneous stimulation is to administer 
four separate preparations of compositions of component-specific imimnostimulating 
agents comprising 0 BL-lp for macrophages, 2) TNF-a and FIt-3 ligand for dendritic 
cells, 3) IL-6 for B cells, and 4) for T cells. The component-sf^ific 

immunostimulating agent compositions may be administered by any routes known to 
those skilled in die art, and may use the same route or different routes, depending on the 
immune response desired. 

In another embodiment of the methods and compositions of the present 
invention, the individual immune components are activated sequentiaJly. For example, 
this sequential activation can be divided into two phases* the prinner i:^ase and the 
immuntz^on phase. TTte [mmer phase comprises stimulating APCs» prefembly 
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macrophages and dendriisc cells, while the immunizmion phase emprises stimulating 
lymphocytes, preferably B cells and T cells. Within each of the two phases, activation of 
the individual immune components may be simultaneous or sequential. "For sequential 
activation, a prefermd method of activatioti is activatimi of macrophages follo>wd by 
dendritic cells, followed by B cells, followed by T cells. A most preferred method is a 
combined sequential activation wherein there is simultaneous Ovation of the 
macrophages and dendritic cells, followed by the simuliai^c^s Ovation of B <:ells and 
T cells. This is an example of ntethods and compositions of multiple component- 
specific inmunostimulating agents to initiate several pathways of the immune system. 

The methods and compositions of the present invention can be used to 
enhance the effectiveness of any type of vaccine. The present meAods enhance vaccine 
effectiveness by targeting specific immune components for activation. Compositions 
comprising component-specific immunostimulatiag agents in association with colloidal 
metal and antigen are used for increasing the contact between antigen and specific 
immune component. Examples of diseases for which vac^ims are currently available 
iiKludc, but are not limited to, cholera, diphtheria, Haemophilus, hepatitis A, hepatitis B, 
influenza, n^asles, meningitis, mumps, pertussis, small pox, preuma:occal pneumenia, 
f«rfio, rabies, rubella, tetanus, tuberculosis, typhoid, Varicelia-ax:^!^, whooping <:ough. 
and yellow fev^. 

Tht combination of route of administration and the packing used to 
deliver the antigen to die immune system is a powerful tool in designing the desired 
immune response. TTie present invention comprises methods and compositions 
comprising various packaging methods, such as liposomes, micrarapsufe^. or 
microspheres, that can provide Iong*term release of immune stimulating compositions. 
These packaging systems act like internal depots for holding antigen and slowly 
releasing antigen for immune system activation. For exampte, a lipc^ome may be filled 
with a composition comprising an antigen and component-specific imiminosdmulating 
agents associated with coUoidai metal. AiMitional combinations are colloidal gold 
particles studded with viral particles which are the active vaccine candidate or are 
p^kaged to contain DNA for a putative v^cine. The gold particle would dso contain a 
cytokine which could then be used to target the virus to specific immui^ cells. 
Furthermore, one could create a fusion protein v^xif^ which mgets two or more 
potential vaccim candidates and generate a vaccine for two or more implications. The 
particles may also include mimunogens which have been ctentically nKxlified by the 
^Jdition of polyethylene glycol which may release the maloial slowly. 

The antigen/component-specific immunostimula^ing agoii/metal complex 
is slowly released from the liposome and is recognized by the inmmne system as 
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foreign md the specific <:omp<MHsm to which che component^specific immunosiimulating 
agent is directed activates the inmmne systeixL The cascade of immune response is 
activated more quickly by the presence of component-specific iimnunostimulaung 
agent and the immune response is generated more quickly and more specifically. 

Other methods and compositions contemplated in the present invention 
include using antigen/component^specific immunostimulating ^ent/coHoidal metal 
complexes in which the colloidal metal particles have different sizes. Sequential 
administration of component-specific immunostimulating agents may be accomplished 
in a one dose administration by use of these differently sized coJloidai metal particles. 
One dose would include four independent component-specific immunostimulating 
agents complcxed an antigen and each with a diffcrendy sized coHoidal metal particle. 
Thus, simultaneous administration would provide sequential activation of the immune 
components to yield a mom effective vaixine and moie protection for the pt^ulaiion. 
Other types of such single-dose administration wiih sequential activation could be 
provided by combinaiions of differently sized colloidal metal panicles and liposomes, or 
liposomes filled with differendy sized colloidal metal partictes. 

Use of such a vaccination systems as described above are very important 
in providing vaccines that can be administeied in c»ic dose. One dose administration is 
important in treating animal populations such as Hv^^iock <^ wM pc^Iations of 
animals. One dose administration is vital in treatment of populations that am i^istant to 
healdicare such as the poor, homeless, rural residents or persons in developing countries 
that have inadequate health care. Many persons, in all countries, do not have aacess to 
preventive types of health ca^e, as vaccination. The leen^rgence of infectious diseases, 
such as tuberculosis, has increased the demand for vaccir^s that can be given ock:^ and 
still jarovide long-lasting. effective protection. The compositions and methods of the 
present invention provide such effec^ve im^ection* 

The metiK>ds and compositions of the p^sent invention can also be used 
to tieat diseases in which an immune response occurs, by stimulating or suppressing 
components that are a part of the inmiune response. Examples of such diseases include, 
but are not limited to, Addison's disease, allergies, anaphylaxis, Bruton's syndron^, 
cancer, including solid and blood borne nimors, eczema, Hashimoto's thyroiditis, 
polymyositis, dermatomyositis, type I diabetes meilittis, quired immune deficiency 
syndrome, transplant re,^scdon, such as kidney, heart, {^crei^, lung, borw, and liver 
transplants. Graves' disease, polyendocrine autoimmune disease, hep^tts, microi^opic 
polyarterids, polyarteritis nodosa, pemphigus, primary biliary cirrtiosis, pernicious 
anemia, coeliac disease, antibody-mediated nepluitis, glomeiulonephritis, rheumatic 
diseases, systemic lupus erthematosus, rfaeumau>id arthritis, serKHMiative 
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spondylanhritides, rhinitis, Sjogren's syndrome, systemic sclerosis, sclerosing 
cholangitis, Wegener's granulomatosis, dcmiatitis heipctifonnis. psoriasis, vitiligo, 
multiple sclerosis, encephalomyelitis, Guillain-Baire syndrome, myasthenia gravis, 
Lambert-Eaton syndrome, sclera, episclera, uveitis, chronic mucocutaneous candidiasis, 
urticmia, transient hypogammaglobulinemia of infancy, myeloma, X-linked hyp^r IgM 
syndrome, Wiskou-Aidrich syndrome, ataxia telangiectasia, autoimmune hemolytic 
anemia, autoimmune thromlxcytopenia, autoimmune neutropenia, Walctenstrom's 
macroglobulinemia, amyloidosis, chronic lymphocytic leukemia, and non-Hodgkin's 
lymphoma. 

The present appHcation claims prioriQ^ lo, and hmdn incc^rates by 
reference, in their entirety Provisional Application No, 6(WJ65,15S, filed November 
10, 1997, and U.S. Provisional Application No. 60/075,811. filed February 24, 1998; 
and U.S. ftovisiona! AppHcation, Number Not Assigned, filed November 6. 1998. 
Production of in Vitro Monoclonal Ant>hnHii>^ 

The methods and compositions of the present invention can further be 
used to produce antigen-specific, species-specific monoclonal antibodies that enhance 
immune response. Tlwse antibodies aro produced, for example, by contacting in vitro an 
antigen, antigen presenting cells (APCs), immune cells, such as B ccUs, and ^fXionaHy 
one or more component*specific immunostinHilating agents. Once anti^n-speciric 
antibodies are dbtec^ the activatel immune cells aie imnwrtalized for exadmpte. by 
fusing widi human immoitaiia^ cancer cells, TTie resulting hybridomas can then be 
screened for specific antibody secretion and a single nK>noclonaI antibody producing 
cell may then be isol^ed. 

The antigen, APCs, immune cells, and component-specific 
inununostirmitating agent may all be introduced into the in vitro culture at the sarre tirw. 
Ppti<H)aIty, these various components may be added sec|uentially in any or<ter or 
combin^on. The antigen and component*specific immuno^mul^ng agent niay be 
two distinct molecules, or may be present in the fom of a complex. For example, an 
antigen may be complexed with different cytokines, which when ^ddcd in a ^quential 
fashion would stimulate specific cells in the culture in a predictable, stepwise fashion. 

Cells, such as APCs and B cells may be obtained firom any source, 
preferably from peripheral blood. Peripheral blood from any source may be used to 
produce the antigen*specific species-specific antibodies of the invention. AJthough the 
most significant use of the present invention is tte production of hunum-anti-human 
andbodies, it is possible to use the process of the invention to develc^ antigen^specific 
species-specific antibodies for other animal species as well. For tte production of 
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human-anti-hiiman amibodies. blood may be conveniently obiaincd from the American 
Red Cross- 
In a preferred embodiment, it is desirable to separate die buffy coat from 
the rest of the whole blood. There are two separate components within the buffy coat 
that are important to tfie practice of the present invention. These are the anti^n 
presenting cells (APCs), such as macrophages, lymphocytes, Langerhanns cells, and 
dendritic cells, and tte B cells. B cells are al^ antigen presenting cells, but upon 
presentation with antigen, they produce an antibody response. Once separated from the 
whole blood, the entire buffy coat may be used, or the APCs and B cells may be 
separated and used individually. Either of these components may be isolated and frozen 
according to procedures well known to those of ordinary skill in the art, such as flow 
cytometry, magnetic cell separation, and trryoprcservation, and used at a laier time 
without affecting the generation of the antibodies. 

Although any combination of anti^n, antigen pre^nting cells (APCs), 
component^specific immunostimulating agents, and B cells can be employed in vitro in 
the present invention in any manner, a preferred preparation employs the antigen bound 
to a colloidal metal. In this embodiment, the buffy coot or AKIs arc pU^ed in a vessel 
Colloidal me^ bound antigen is tten added to the vessel and iiKuteted wi* Iniffy 
coat or APCs. 

The antigen bound colloidal metal composition can be produced by the 
method described below. The antigen bound colloidal n^tal may be added to the buffy 
coat or APCs alone, or in the presence of adjuvants, immunogenic proteins, nucleotides, 
or accessory cytokine/immuostimulators which aid in die development of a Th2/B-oeIl 
response. Optionally, these adjuvants, immunogenic proteins* nucleoiictes, and 
accessory cytokine/immuostimulators may be bound to die coltoidal metal in a manner 
simUar to that by which the antigen was bound prior to inoibation of the colloidal metal 
bound anrigen with the buffy coat or APCs. 

If B cells are initially present, as when the entire buffy coat is used, their 
number may become depleted during incubation with the colloidal metal bound antigen. 
Therefore, after incubation, additional B cells are, optionally, added to the vessel. The^ 
B cells ntay be freshly obtained, frosxn, or tho^ separausd from tt^ buiffy coat of die 
same sample. The APCs in the vessel activaie the B cells to produce antibodies in 
response to the specific antigen bound to the colloidal metal. 

Onc« in vitro seroconversion is confimmL die cells are immoftali^. 
The cells can be immortalized by several different meftods, for ex^uniipte, by fusion with 
immortalized cancer cells to produce hybridomas or by transfecting the antibody 
producing cells with oncogenes, such as ras, or with vimste, such as Epstein Barr vims. 
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However, any method which produces immonalized cells is contemplated by the present 
invenUon, Nonlimiting examples of immortalized cancer cell lines which aie useful in 
the present invention are K6H6/B5 cells, HUNS-1 (US Patent 4.720,459). KR-12 <US 
Patent 4,693.975), WIL2*S, WI.L2^729HF2 (US Patent 4;594325), UC 729-6 (US 
Patent 4,451,570). SKO-007. clone J3 of SKO-007. GK3, and LTR-228 (US Patent 
4,624.921). 

Although immortaliztion of the primary clones may be accomplisted in 
any mani^. the following is one preferred mc^od Immortalized cancer ©ells are adWted 
directly to the vessel containing the seroconverted cells. After incubation, the <^lls aie 
washed in semm free DMEM (Delbecco*s Minimum Essential Medium). PBS 
(Phosphate Buffered Saline), or any senim free physiologic buffer. The cells may then 
be fused, for example, using a 40% to 100% PEG solution diluted in serum fr^ 
DMEM, The fused cells may then be washed and the pellet leconstiujted in a 50% 
DMEM/RPMI n^a containing 10% fetal bovine scmm (FBS), 10% Origcn^, the 
antigen cock^l mentioned above and a selective media, such as the hybridoma electing 
agent HAT at a final concentration of 10%, The cells aie seeded into 96 well tissue 
culture plates in 150 ^.1 aliqucHs. To increase ttw prolifer^ion of cl<mes, tiie <^lls may, 
optionally, be stimulated by tl» addition of the initial antigen or antigen/componem- 
specific immunostimulating agent mixture such as those used in the initial 
immunizations^ 

The cells may be grown in HAT (hypozanihine, amdnopterin, thymidine) 
containing medium for approxima^ly two weeks, Tlien a nonselective media, such as 
HT (hypozanthine, thymidine) is subsiitu^d for the HAT as a selection drug. After 
another incubation of about two weeks, the cells are grown in a giowth n^a, such as 
50% DMEM/RPMI supplemented with the antigen cocktail, 10% Origcn™, and 10% 
FBS. 

The samples can be tested for the pi:esence trf" antigen^specific antibodies 
during any of the phases of growth and are pfeferably tested durir^ all phases of 
growth, litis testing may be done by any common immunological procedu^, such as 
RIA, EIA. ELEZA, RID. or Ouchterlony test Positive clones are then ^akd-up from 96 
well plates, for example, to 6 well plates. At this point the cloMS can be frozen for la^r 
use. 

The Mtivity of the ckmes can be tested by methods known to those in the 
art, such as by generating ascites in pristine primed mice. The asciiss aie purified, and 
then the antibody is tesu^ for its ability to naitralkce btoactivity in a well characterized 
cell line, for example, die TNF sensitive all line, WEHI 164. Clones vMch dcmon^rate 


23 


neutralizing ability may then be scalcd^up to generate larger quantities of purified 
antibody. 

In another embodiment of the present inventic^, the buffy cx>at or APCs 
may be incubated simultaneously with the colloidal metal bound antigen and optionally 
an adjuvant This type of incubation has been found to change the type of 
immunofesponse elicited from a Thl-hke response, in which the colloidal metal antigen 
is associated with the APCs which may or msy not contain cellular etements, to a Th2" 
type response in which the colloidal meia! bound anUgen is associated with the free- 
floating clusters of B ceils. 

Comoonenl-Stimuiatinj^ rormx)sitiQnj; 

The compositions of the present invention comprise con^nent*^ecific 
immunostimulating agents. Such a composition may comprise one compowni-specific 
immunostimulating agent or multiple component-specific immunostimulating agents. In 
one prefened embodiment, the composition comprises component-specific 
immunostimulating agents in association with colloidal n^tals. More pmferably ttie 
compositions ccmprise component-specific immunostimulating agents in association 
with colloidal metals and other elements for, specifically tar^ting the effect of the 
component-specific immunostimulating agents, including, but not limited to, antigens, 
receptor molecules, nucleic s^ids, pharmaceuticals, chemotherapy agents, and carriers. 

Hie compositions of the present invention may be deliveied to the 
immune components in any manner. In another piefcm^d embodiment, an antigen and a 
con^nent-specific immunostimulating agent are bound to a colloidal metal in such a 
manner that a single colloidal metal particle is bound to both the antigen and the 
immunostimulating agent In another embodin^t, multi{de anti^ns and/or mtriiipk 
component-specific immunostimulating agents are bound to a single colloidal metal 
paiticle. The combinations of antigen and component-sp^ific immunostimulating 
agents, and other elements, with one or more colloidal mctaJ particles is <;onteiiplaied by 
the present invention. Administration of one or se^^raJ of these complexed TOlal 
particles is comprised within the methods of the present invention. 

In another embodiment, the component*specific immunostimulating 
molecules of tfie present invention comprise a deitvety stnK:tufe or platfomi. Hie 
compoiKJnt-specific immunostimulating mol^le and/or the antigenArttxine may be 
bound directly to the platfonm or may be bound to the plmfomi throng members of a 
binding group, A preferred embodiment of the present invention compri^s a colloidal 
metal as a platform that is capable of binding a member of a binding group to whkh 
component-specific immunostimulating agents and putative antigen/vaccines are bound 
to create a targeted immune-enhancing ^ent In a most preferred embodiment, the 
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binding group is sireptavidin/biotin and the component-specific inununostimulating 
agent is a cytokine, Embodiments of the present invention may also ccmiprise binding 
the antigen/vaccine in a less specific niethod* without the use of binding partnerts, such as 
by using poly cat ions or proteins. 

The present invention comprises methods and compositions for targeted 
delivery of component-specific iixununostimulating molecules that use colloidal metaJs 
as a platform. Sudi colloidaJ metals bind, either reversiWy or irreversibly, motecules thai 
interact with either an antigen/vaccine or component-specific immunostimulating agents 
or antigen/vaccine. The interacting molecules may either be specific binding molecules, 
such as members of a binding or may be rather nonspecific interacting moireuks 
that bind less specifically. The present invention contemplates the use of interacting 
molecules such as polycationic elements known to those sidlled in the art including, but 
not limited to, polylysine, protamine sulfate, histones or asialoglycoproteins. 

Tte members of the binding pair comprise any such binding pairs 
known to those skilled in the art, iiKluding but not limited to, antibody-anti^n pairs* 
enzymie-substrate pairs; receptor-ligand pairs; and streptavidin-bi(^n. Novel binding 
parmers may be spKificaJly desigi^. An esseniial clement of the binding panners is 
the specific binding bciw«n one of the binding pair with the other member of tfie 
binding pair, such that the binding partners are capabfe of being joined specifically. 
Another desired elen^nt of the binding members is that e^h member is ^pable of 
binding or being bound to either an effector molecule or a targeting motecule. 

The compositions and methods of the present invention compri^ tte 
variadons and combinations of mixtures of the above described binding <:apabilit}e5 and 
methods. For example, an embodin^nt of die present invention comprises the 
component^sp^ific immunostimulating molecules bound diiectly to the rvi^ltc 
platform and the antigen/vaccine being bound to the m^lic platform through either 
specific or less specific binding by integratinjg molecules, such as binding the binding 
pairs described above. Another embodiment of the pie^nt invention comprises the 
andgen or vaccine bound directly to the colloidal metal platform and die compor^nt- 
specific immunostimulating molecule bound through either specific or less specific 
binding by integrating molecules. In still anodier embodiment, the present invention 
comprises the binding of b<Hh the component-specific inununostimulating molecules 
and the antigen/vaccine to the metallic platform through specific or less specSic binding 
by integrating molecules or the direct binding of tte comp<Mient-sp«ific 
inanunostimularing molecules and the antigen/vaccine to the metsllic platform. A still 
further embodiment of the present invention comprises binding the component-s|)ecific 
immunostimulating molorules bound to ti^ metallic platform througli binding by the 
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less specific incegradng molecule binding and the antigen/vaccine bound to the nietaUic 
platfonn by the binding of con^lementaiy binding members. Other combinations and 
variations of such embodiments are contemplated as part of the present invention. 
Method for Binding of Composition r o mtx>nents ro Platform 

Each of the elements of the compositions may be bound, separately or in 
combinations, to tte colloidal metal by any method. However, a pre^ferred method for 
binding the elements to the coUoidal metal is as follows- In this example, the 
composition comprises an antigen and a component-specific immunostimulating a^nt, 
though the method is not limited to tfiis embodiment. The antigen is reconstituted in 
water Approximately 50 to 100 pg of antigen is then incubated with colloidal metal. 

The pH of the colloidal antigen mixture miay have to be ^justed so that it 
is 1-3 pH unites above the pi of the component specific agent Subsequently, 50- 1 (X) 
}ig of the component specific agent is added to die antigen colloidal mixture and 
incubated for an additional 24 hours. During this time, the targeting component specific 
agent becomes incorporated into the antigen gold complex resulting in an immune 
component targeted antigen <felivery system. The inventors have successfully performed 
such experiments and in fact have liirfced up to 3 different moieties on the same colloidal 
metai {^cie. 

After the binding of the component specific agent to the antigen/Au the 
mixnjre is stabilized by the addition of a 1% v^ solution of M00% polyethylene 
glycol. Other stabilizing agents may include Brij 5S and cysteine, other sulfhydryl 
containing compounds, phospholipids, polyvinylpyrolidone, poly-L-lysine m&m poly- 
L*proline. The mixture is stabilized overnight and suti^^quently centrifuged to i^parate 
the bound antigen and component specific agent frcmi unbound material. The mixoire is 
centriftiged at .14,000 rpms for 30 min,, the supernatant removed and tte pellet 
resuspendcd in water containing 1% albumin. This procedure has a lelarively high 
efficiency of coupling die antigen and targeting component since 75% to 95% of lK>th 
moieties are bound. Furdnermore, free material which is not bound to the colloid is 
separated by centrifugation. 

Exemplified Componen^^ 

The term **colloidal metal,'* as used herein^ includes any water^insoiubie 
metai paiticle or metallic compound as well as colloids of non-imtal origin such as 
collodial carbon dispersed in liquid or water (a hydrosol). Examples of colloidal metals 
which can be used in tte present invention inchide, but arc not limited to, metals in 
groups IIA^ IIB and HIB of the periodic talrfe, as weU as tl^ transition metals, 
especially those of group vm. Preferred metals incliule gold, silver, aluminum, 
ruttenium, zinc, iron, nickel and calcium. Other suitable metals may also include the 
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following in ail of their various oxidation states: lithium, sodium, magMsium, potassium, 
scandium, titanium, vaiiadium, chromium, manganese, cobalt, copper, gallium, strontium, 
niobium, molybdenum, palladium, indium, tin, tungsten, rhenium, platinum, and 
gadolinium. The metals are preferably provide in ionic form (pieferabiy derived from 

an appropriate n^tal compound), for example, the Al^^, Ru^^, Zii^^, Fe^^, Ni^^ and 

Ca ions. A prefemed mc«al is gold, particularly in the form of Au . An especially 
preferred form of colloidal gold is HAuCl4 (E-Y Laboratories, Inc., San Mateo, 
California). Anodier preferred meta! is sUver, panicularly in a s<Klium borate buffer, 
having the concentration of between approxim^ly 0.1% and 0.001%. and most 
preferably as approximately a 0.01% solution- Hie co1<m- of such a colloidal silver 
solution is yellow and the colloidal particles range from I to 40 nanom^rs. Such metal 
ions may be present in the complex alone or with otter inorganic ions. 

Any antigen may be used in the present invention. Examples of antigens 
useful in the present invention include, but are m>t limited to, In^rleukin-1 ("IL-I"), 
InterIcuIdn-2 ('*IL-2")» Intcrlcukin-3 Interieukin-4 (**IL^"), In^rleukin-3 

(**IL-5"). Interleukin-6 ("IL*6"), Interle«ldn-7 (**IL*7"). interteukin-8 (*'IL-8**), 
Interleukin-lO ("IL-10"), Interleukin-l 1 riL-ll"), Interleukin.l2 (**IL-12"). 
Interleuidn<13 (**IL-13"), lij^d A, phospbolipasc A2, otdotoxins^ staphylococcal 
enterotoxin B and other toxins. Type I Interferon, Type n Interferon, Tunior Necrosis 
F^tor C"TNF-a"), Transforming Growth Factor-P ("TGF- p**)Lymphotoxin, 
Migration Inhibition Fi^tor, Granulocyte-M^rophage Colony-Stimulating Factor 
(**CSF**)t Monocyte-Macrophage CSF* Granulocyte CSF, vascular epithelial growth 
factor (**VEGF*), Angiogenin, transforming growth factor ("TGF-a"), he^ shock 
proteins, carbohydrate moieties of blood groups, Rh factors, fibroblast growth factor, 
and other inflanunatory and immune regulatory proteins, nucleotides, I>NA. RNA. 
niRNA, sense, antisense, cancer ceU specific antigens; such as MART, MAGE, BAGE. 
and heat shock proteins (HSPs); mutant p53; tyrosinase; autt^mmune antigens: 
immunotherapy drugs, such as AZT; and angiogenic and anti-angiogcmic drugs, such as 
angiostatin, endostatin, and basic fU>roblas£ growdi factor, and vascular endothelial 
growth factor (VEGF). 

The component-specific immunostimuladng agent may be any molecule 
or compound which increases the APC's ability to stimulate the B ceirs production of 
antibodies. Examples of component-specific immunostimulating agents iiKrlude, but are 
not limited to, antigens, colloidal metals, adjuvants, receptor moelcules, nucleic acids, 
imununogenic proteins, and accessory cytokine/inunuostimulaiors, f^mnac^iuticals. 
chemodierapy agents, and earners* These component-specific immuiK^mulating 
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agents may be employed separately, or in combinations. They may be employed in a 
free state or in complexes, such as in combination with a colloidal metal. 

Adjuvants u^ful in the invention inclu<k, but are not limited to, heat 
killed M Butyncum and M Tuberculosis. Nonlimidng examples of nucleotides are 
DNA, RNA, mRNA, sense, and aniisense. Exampies of immunc^enic proieins include, 
but arc not limiiol to. KLH ^Keyhole Limpet Cyanin). thyroglobulin, and fusion 
proteins which have adjuvant and antigen moieties ciKmled in the^ene. 

Accessory cyiokine/immuostimulaiors tnclucfe. but are not limited to, 
Interleukin-l ("IL-r*), Interieuldn-2 riL-2"). Intcrleukin^B rE..3"), Interieukin-4 
(*1L^4'*). Interleukin.5 ("IL^S"), Imerleukin-6 Into-lcukin-7 (*'IL-7"), 

Interleukin-8 riL-8"X Interleuldn-IO riL-10"), Inierleukin-ll ("IL-ll"). 
Inierleukin-12 Interleukin«13 lipid A, phosphoHpase A2, 

endotoxins, staphylococcal enierotoxin B and other toxins. Type I Interferon, Type U 
Interferon. Tumor Necrosis Factor (*TNF«a**), Transforming Growth Factor^J 
("TGF-0") Lymphcrtoxin, Migr^on Inhibition Factor, Gmnulocyte-Macrophage 
Colony-Stimulating Factor ("CSF*), Monocyte-M^rophage CSF, Granulocyte CSF, 
vascular epithelial growth factor ("VEGF*), Angiogcnin, tiansfoiming growth factor 
(«TGF-a'0* heat shock pnneins, caibohydrate mowsties of blood ^gnnips, Rh fact<»s, 
fibroblast growth factor, and other inflammatory ^d immune regulatcny proteins, 
nucleotides, DNA, RNA, mRNA, sense, antiser^, cancer cell specific antigens; such as 
MART, MAGE, BAGE, and HSPs; flt3 iigand/i^cpcor system; B7 family of mol«ules 
and receptors; CD 40 ligand/receptor, and immunotherapy drugs, such as AZT: and 
an^ogenic and anti -angiogenic drugs, such as angiostatin. endost^n, and basic 
fibroblast growtii factor, and vasoilar endotiielial growth factor (VS3F). 

Methods and compositions, other than the use of <:oIiOidal metal, can be 
used to deliver the component-specific immunostimulating agents, alone or in 
combination with antigens or other elements* f^or example, the ccmpositions may be 
encapsulated in a liposome or microsphere or may be deli\^ned by n^ans of rnher ^11 
delivery vehicles, such as a viral v^xm. Acklitipnal combinations aic colloidal gold 
particles studded with viral particles which ate the active vacdi^ candidate or arc 
packaged to contain DNA for a putative vaccine. The gold pmticle would also contain a 
cytoidnc which could then be used to target the virus to specific immune xells. 
Furthermore* one could cie^ a fusion protein vaccine taigets two or more potential 
vmxine candidates and ger^raie a vwine for two or moFe aji^licatioiis^ The particlbs 
may aiso include immunogens which have b«n chemicaUy modifkid by the ackiition of 
polyethylene glycol which may release the material dowly. 


The component-specific immuiKwaiuulatiiig agents may be delivered in 
their nucleic acid form, using known gene therapy methods, and produce their -effect 
after translation. Additional elements for activation of immune components, such as 
antigens, could be delivered simultaneously or sequentially so that the cellularly 
translated component-specific immunostimulating agents and externally added -elements 
work in concen to specifically target the immune response. 

TTiis inventi<»i is further illustrated by the following exan^les, which are 
not to be consttucd in any way as imposing limitations upon tite scope thereof. On the 
contrary, it is to be clearly understood that resort may be had to various other 
embodiments, modifications, and equivalents thereof which, after reading the description 
herein, may suggest themselves to those skilled in die art widiout depaning from the 
spirit of the present invention and/or the scope of the appended claims. 

Experimental Data 

Example l 

The following is the gcner^ experimental protocol that was followed for 
binding a molecule, whether antigen or oomponow-spccific immunostimuladi^ agent, to 
colloidal gold. The molecule was reconstituted in wator. 200 jxg of the raotaoile was 
incubated with 25 mL colloidal gold for 24 hours. The molecule/colloidal complex 
solution was then centriftiged at 14.000 ipm for 20 minutes in a micro t^noiftjge at 
room temperature. The supernatant wa& then removed frxan the pellet. 

Example 2 

50 fig of ^idermal growth factor (^OT) was bound to 25 ml of 4(hjm 
colloidal gold particles at a pH of 1 1 .0. The solution rocked on rocking platform for 24 
hours. 50 pg {added as 50 fj) of tai^eting cytokine (ic.. E.-lfi to laiget macrophages, 
E--2 to target T cells, IL-6 to target B cells, and either TNF alpha or Ht-3 Ligand to 
target dendritic cells) was added to the BGF/J^u solution and rocl«td for an additional 24 
hours. To separate colloidal gold bound and unbound material the solution was then 
centrifijged at 14,000 rpm. The supernatant was removed and the peltei was 
reconstituted in I nnl of water containii^ 1% human scrum albumin. 

Examples ■ 

EGF was bound to colloidal gold (CG) using fee procedure in Example 
2. Tumor Necrosis Factor-a <TNF-a) was then bound to the EGF/CG complex using 
the procedure of Exm^le 1 to produce an EGF/CG/IKF-a-chimera. 
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Example 4 

EOF was bound to colloidal gold (CG) using the procedure in Exan^le 
2. Interleukin-^ (JL-S) was then bound to the EGF/CG complex using the procedure of 
Example 1 to produce an EGF/CCWQL»6 chimera. 

EXAMPLES 

EGF was bound to colloidal gold (CG) using the procedure in Example 
2. Interleukin-2 aL-2) was then bound to the EGF/CG complex using the procedure of 
Example 1 to produce an EGF/CG/IL*2 chimcfiu 

Example 6 

The buffy coat was separated from a sample of whole blood as is weU 
known in the an. 100-500 nnL of whole blood was collected on heparin. The blood was 
carefully layered onto a 50% (vAr) ficoU-hypaque solution and centrifuged at 2700 rpm 
for 7 minutes. The buffy coat, the collection of white blood cells M the semm/fK:oll 
interface, was collated with a Pasteur pipette and placed into 10 mL of PBS containing 
0.5 mg/nfiL heparin. TTic were centrifiigcd at 1500 rpm and the pellet wasted and 
lecenuifiiged- The cells w«e washed 2X in the PBS solution and centrifuged once 
again. 

The cells were resuspended in RPMI containing eid^r 10% feial bovine 
or normal human serum and cultured in 6>weU plates at a cell densiQr of IC^ c^lls/well 
The cells weie then stimulated with 50-100 jiL of one or all of the antigen/cytokine 
mixtures. 

As shown in Figure I, only macrophages internalized the EGF/CXJ/IL- 1 6 
chinwra, while only dendritic cells iniemalt2»5d the HjF/CG/TNF-a chimera (Figure 2). 
Similariy, only B cells iniemali2»d tte EGF/CG/IL-6 chimera (Figure 3), and only T 
cells internalized the EGF/CG/SL-2 chimera (jRpxm 4). 

As shown by this experiment, certain component-specific 
immunostimulating agents are specific for indivulual immune components. Thus, it is 
possible to target specific immune com{K>nent5 with compoTOnt-speci ftc 
inununostimulating agents, thereby enhancing their immune response resulting in 
incieased activity in the overall immune response. 

Example? 

For this example staphyloccal enterotoxin B was used as the putative 
antigen/vaccine nK>lecuIe, siiKe tteie is evidence that binding Ite toxin ux^oUoidal gold 
reduces its toxicity. 500 |ig of the toxin was tnidally bound to 250 ml of 40 nm 
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colloidal gold panicles. The colloidal solution was then aliquoaed. 50 ug of a taigetiiig 
cytokine (IL-IB, a.-2. IL-6 and TNFa) was added to one of the aliquots and re- 
incubated for 24 hours. The toxin-AU-cytokine colloid was centriftiged at 14,000 ipm 
and the supernatant removed. The pellet was reconstituted to 1 ml of water. The pelte 
5 was assayed for cytokine concentration by either sandwich or competitive ELISA. This 
was done to determine the amount of neat cytokine (unbound) that was to be injected in 
control animals receiving saline or toxin alone. 

The immutiiz^on strategy involved simultanecHis or sequential 
administration of neat toxin/cytokine mixture (as composition controls) or tfjc toxin-Au- 
10 cytokine chimera. 5 mice/group were injected on days 1. 5 & 9 with either 2.5 ug neat 
toxin or the san% dose of toxtn/cytokinemixoire bound tocolloidal gold. During the 14 
day immunization period two additional groups of mice received the neat toxin/cytt^ne 
or toxin- Au-cytokine following die schedule provided in Tj^le 1. 


Table 1 


Day 

Group Tyi^ 

Treato^nt Injected 

1 

Control 

Neat toxin + Neat IL-lp + 
Neat TNFa 

Gold 

Toxin«Au-IL*ip + 
Toxin-Au-TNFa 

5 

Control 

Neat toxin + Neat 



9 

Control 

Neat toxin 4- ffeat SL*2 

Gold 

Toxin'AU-IL*2 


All groups were i^hallenged with 1 pg of neat toxin alone on day 30. 
Prc^tive tmmunizatjon was demonstrated by the reduced or lack of ability of the neat 
toxin to induce morbidity. The key observation is that the toxin bound to colloidal gold 
greatly reduced the toxicity of the toxin. Secondly, senim antibody titers to the toxin 
70 were lOX higher than those reoeivbig neat treatment alone. However, the serum 
antibodies of animals receiving the sequential treatment were 100 times ^reaier than the 
animals receiving the ne^ treatment. Finally, upon tfie ta±allenge with tlw? neat toxin 
100% of the animals treated with toxin died whereas only 20% fatality was ot^erved in 
the simultaneous group, 

25 Thus the compositions and methods of tte present invention can be used 

to increase the efficacy of a vaccine. 
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Examples 
Binding of Cytokine to Colloidal Gold 

Human TNF-a was reconstituted in water at a pH of 1 1 U) a final 
concentration of t ug/mi. 300 ug of necombinant human TNF-a was iiKruba^ 
overnight with 25 ml of 30*40 nm colloidal gold partictes on a rocking platfc^in while 
mixing. 

Tlie 25 ml of colloidal gold bound TNF-a solution was divided in half 
One aliquot was blocked with 125 of 100% PEG solution. The other aJiquot was not 
blocked, TIw two aliquots were placed back on the rocking platform and incubated an 
additional I to 5 days. 

The two aliqucNs were tten centrifuged at 14,000 ipm for 20 minutes. 
The supernatant was then removed from the pellet. Tte peliets were blocked by 
reconstitution with 10 mJ of a 1% solution of human senjm albumin (HSA) in waser at a 
pH of Ih 

The aliquots were mixed on a rocking platform for 6 hours. The aliquots 
were then centrifuged at 14,000 rpm for 20 minutes and reconstituted in 3.5 mJ of !% 
HSA in water ai a pH of 11. 

EXAMPLE 9 

Generation of Human-Anti-Human TNF-^a Antibodies 

The buffy co^ was separated from peripheral blood by ficollation and 
washed with PBS containing 0*5 mg/mJ heparin and EDTA. Hie cells pi^ed into 
a lO-T-75 culture flasks. Th& cells were cultured for hvo weeks in RPMI with 10% heai 
inactivated fetal bovine serum, 10% Ori^n^ and 100 ng/ml of cytokine cocktail which 
is composed of the following cytokines: DL-4, IL-6, HL-10, DL-^I i, stem cell factor 
rSCF"), GMCSF, and GSF, both alone and bound to colloidal gold, 

EXAMPLE 10 

ELJSA Assay for Hunum-Anti^Human TNF-a Antibodies 

1 ml aliquots were taken from three of the flasks of cells tieated as 
shown in Example 9 and centrifijged at 1,500 rpm for 15 minui^. The supernatant was 

coltected and stored sA -20**C 

Recombinant human TNF was coated onto the wells of a miciotiter plate 
in a carbonateA)icarbonate buffer. The plate was washed four tin^s with TBS having 
2,0 mM Tween 20. 100 |il of the supernatant was ad<ted to «ach well, Cor^ol wells 
received unused growth n^dium. The samples wcane incubated overnight at room 
temperature. 
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The i^atcs were then washed and 100 |il of an alkalinc^irfiosphatasc 
conjugated goat^anti^human IgG, diluted 1:1000 (in TBS 0.1% BSAX was incubated 
with the wells for 1 hour. The plates were then lewashcd and 100 jil of Ae alkaline 
phosphatase substrate (pNPP) was incubated with the wells until apprqwiate color 
developed* 

The results of this assay are illustrated in Figure 5, This figure shows 
that human-anti-human TNF-a antibodies were produced by the method of the 
inventic^i as cfescribed in Examples 8 and 9. 


EXAMPLEll 
Cell Fusion and Hybridoma Selection 

Once in vitro seroconversion of die cells in Example 9 was confimied, 

10^-10^ K6H6/B5 myeloma cells were added di^ecdy into the vessel in which the 
seroconverted cells were detected. The cells were gently mixed* collected and ccntrifii^ 
^ 1^00 r|wn fw 15 minutes. The supernatant was lemoved, and the pellet washed in 
serum free DMEM. The cells were cemrifiiged one last time* aiKl the sufi^ataiit 
completely removed. The pellet was gently ta{^ loose, and the wlls by the 

addilicffi of a 53% PEG 1450 solution according to Htm ^tegy described in d«5 table 
below. 

The PEG solution was added to the cells using the following method and 
incubations, while shaking the ceUs at 37*C: 


Time 

Volume of PEG added (dropwise) 

Omin 

0.5 ml over 30 seconds and wdt 30 seconds 

1 nun 

0.5 ml over 30 s«onds and wait 30 seconds 

2 min 

1 .0 ml over 60 seconds and wait 60 seconds 


Next, serum free DMEM was added to the ceUs using the following schedule. 


Time 

Volume of DMEM added <dropwise) 

0 min 

1 .0 ml over 30 secon<jls and wait TO seccmds 

4 min 

1 .0 ml over 30 seconds suod Wait 30 seconds 

5 min 

kSi ml over 60 seconds and wait ^ seconds 

7 min 

ii.d ml over 60 seconds and incubate 1 minute 
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The cells were subsequenUy centrifi^ed at UOO ipm for IS minutes. 
The supematani was removed, and the pelfei was teconstiiuied in a 50% DMEM/RPMl 
media containing 10% FBS, 10% Origcn-^, the cytokine cocktail mentioned above and 
the hybridoma selecting agent HAT at a final concentration of 10%. The cells wen; 
initially seeded into five 96 well Ussue culture clusters in 130 ^1 aliquots. To increase the 
proliferation of clones, the cells were also stimulated with 25 ^1 colloidal gold bound 
TNF-a used in the initial inununizations. 

The cells were grown in HAT containing medium for two w«:ks, after 
which HT was substituted for the HAT as a selection drug. Following two weeks of 
growth, the cells wens grown in 50% DMEM/RPMI media supplemented with the 
cytokine cocktail. 10% Origen^, and 10% FBS. 


E3CAMPLE 12 

Testing of Supematemts for Positive Antibody Ftmaion 

The presence of TNF-a-specific antibcxUes in the samples in Exan^ 
13 was tested during all phases of the growth. The supematants were initially tested by 
direct EIA and then by an « vitro assay which measures the inhibition of proliferaticm 
of WEHI cells in a dose-dependent manner by TNF-a. Positive clones were scaJed-up 
from original 96 well plates to 6 weU plates. Subsequently, all clones tesUng positive 
were scaled*up for ciyopreservation, as weU as the gener^on of 3 ml of ascites in 
pristine primed mice. The ascites were purified, and the antibody tested for its ability to 
prevent the inhibition of proUfcration of WEHI ceUs by TNF-a, The ability of the 
purified antibody to block btoactivity indicated its neutralizing activity. 

Oones dononstrating iKiuraiizing activity were scaled-up to generate 10- 
100 mg of purified antibody. These antibodies w&e initially screened for the in vivo 
neutralization of exogenously administered TNF-ot. 

EXAMPLE 13 

^ecf of Colloidal Cold Bound TNF-a on Cell Suiface Markers Determined by Flaw 
Cytometry 

Buffy coats were obtained from the American Red Cross and were 
sepanued using ficol. The lymphocytes were washed 3 times witfi PBS containing 0.2 
mg/ml hq»arin and again treated with fKol. After washing, 1-5 million cells per well were 
seeded in 9-12 well tissue culture clusters in DMEM suf^Iemmted with 10% FBS. 
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£ach well contained 2 ml of either < I) tmdiz aJoms, (2) 0.5 ug/ml of the 
mitogen phytohemaglutinin {PHA) <for the induction of a T cell response), <3) LO ug/ml 
of the mitogen lipopolys^charidcs (LPS) (for the induction of an inflammatory 
response), or (4) a combination of the mitogens LPS & PHA at a final 

concentration of 0,5 & KO ug/ml, respectt^^ly. Note that it is possible to use other 
mitogens, such as Pokeweed mitogens, as well as other agents including superantigens> 
such as staphylococcal emerotoxin A snd B in this assay. TTie cells wcic stimulaf^ 
wth either mitogens (PHA or LPS) alone, or mitogens in tihe presence of ^itiier 
gold/TNF-a which has teen stabilized with polyethylene glycol (PEG) in HSA (huihan 
scmm albumin) or gold/TNF-a which has been tseated with HSA alcHw. Tlje culture 
plates wem harvested for flow cytometric analysis of the &\l surface, cell activation 
markers, and cytokine explosions. 

The cells were analyzed for changed in tteir CD4, CDS and CD i 9 levels 
as well as ^ttvational marker CD69 using a Beckton Dickinson Fficscalibur and the 
Becton Dickinson tritest MAB set. This was done by collecting the cells, centriftiging, 
and removing L8 ml of supernatant. The cells were titurated, i^^ the cellular pellet was 
resuspended, and 75 ^1 samples were incubated with the appiopriaie MAB according to 
the manufacturet^s insmictiois. 

Although flow cytometry did not detect any diffeiences in the CD4, CDS 
or CD 19 levels between tite control and gold treated <^Us 24-48 hours after &^9ftment» 
viaial inspection of the plates revealed that cluster-like formations h^ fonmd in both 
naive and gold treated cells. Yet, in the ceils treated with colloidal-gold conjuga^d TNF- 
a, the number of clusters appealed larger and in greater frequency and cell density. 
More interestingly tte sunrounding cells appeared to migrate toward the gold treated 
clusters. This may reflect the TNF-a leaching off the gold because tfierc was a definite 
gradation of cell migratioa In addition, the cellulaur miration was not as striidng in c^lls 
tieaied with P£G*5tabiltzed gold bound TNF-o; indicatiing that the TNF was not 
leaching off the gold or leachiii^ off to a mudi low^ degiee. 

Forty-eight hours after mitogen treatment typk:al conditioning of the 
media induced by the stimulation of the white blood rails witfi PHA was obserwd. 
However, the cells in the wells treated with gold tound TNF-^x that is stabilized with 
PEG or that is unstabilia^d exhibited significantly less conditioning of the media, 
indic^ng tiiat the goldHW-a was blocking the PHA-induced mito^nesis. This may 
indict that the colloidal gold blocks a TTil-iike T cell respcmsc. 

Although flow cytometric analysis dkl not leveai any significant ehanges 
in CD4, CDS, or CD19 cell populations within 24-4S houfs after stimulation, trafficking 
of the colloidal gold bound TNF*a into several cell types was observed. While ^rontrol 
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cells had a nomial transparent phenotype, the stabilized and unstabilized «oId tieated 
cells had concentrations of the gold stain in several locations on the cells as weU as ccU 
clusters. The distribution of the gold was varied from a central intracellular location to 
the cell surface. Also, the material appeared in multiple ceil types, including rounded as 
well as dendritic cells. In rounded cells the localizatiwi of the gold material was eiiter in 
the nucleus or on one side of the cell surface. Although not identified by cell surface 
markers, the rounded cells are thought to be differendating monocytes/macrophages 
because of their ability to form giant cells. (Figuces 6a and 6b) The colloidal gold stain 
disappeared with time and, therefote, does not appear to be pennanent. This indicates 
that the colloidal gold/TNF-a mixture was being metabolized once it enteied the cell. 
However, the cells retained their abiUty to uptake colloidal «old since the stain 
reappeared upon restimulation with-colloidaJ gold bound TNF-a. 

Figure 6a is a 200x bright field micrograph illustrating the giant cell 
formation induced by this long term incubation of isolated human lymphocytes with 
colloidal goiarrSF-CL Rgure 6b is a 200x phase contrast micrograph bright field 
monogra|)h of the same cells. 

EXAMPLE 14 

Lymphocytes were isolated fnm the bufly coats of human peripheral 
blood obtained from the American Red Cross. The lymphocj^s were treated with eidier 
(1) colloidal gold alone, (2) colloidal gold bound with human seram albumin (HSA). or 
(3) colloidal gold bound with TNF^ Each group was divided into two aliquots. One 
aliquot was blocked widi 1% HEG, and the other remained untreated. 

The primasy ceil type which took up the gold or goId/HSA group was 
the macro{riiage. This was oonfiimed by giant cell formatkHi. Hosuevcr, as illustr»ed by 
Fi^re 7, the primary odi type taSdng up the gold in Ae THF-€Ugo\d group imi ths 
elongated fomi of dendritk: cells. 

This result is indicative of receptCH- mediated bindii^ of the coU(»dal gold 
bound TNF-a. Additiwially, die requiretnent of TNF-a for the diffetentiation of 
dendritic cells suggests that the cofloidal gold bound TNF-a retained its biologic 
acdvity. 

EXAMPLE 15 

Hiis experiment was designed to (tetemiine the effect of adjuvant 
component on the uptake of colloidal gold by isolated lymphocytes. The experiment 
was perfomwd in the same manner as Examples 6 and 7, exc^t that an suiditional group 
of cells was included. These cells received 100 jU of a 1.0 n^Anl suspension of heat 
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killed Mycobacterium Bmyricum, This bacteria is routinely used in adjuvant preparation 
for antibody generation. 

As illustrated in Figuie 8, the gold stain was no longer associated with 
either the macrophage or dendritic cells, but was associated with fiee«floating clusters of 
cells, which may be ^tivaied Bn^ells. Phenotypyii^ studies are currently underway to 
cmlirm this hypothesis. 

Example 16 

Stfeptavidin bound to colloidal ^old exhibit saturable binding kinetics. 
For this experiment 500 jig streptavidin was bound to 30 ml of 32 nm colloidal gold for 
1 hour. Subsequently, 5 ml of a stabilizing solution (5% PEG 14SO,0.1% BSA) was 
added to the tute and allowed to mix for an additional 30 mm. The sol was centriftiged 
to remove unbound streptavidin and wai^d 2 limes with 5 ml of the stabilizing solution. 
After a final spin, the pellet was reconstituted to a voluixw of 5 ml with the stabilizing 
solution. 1 ml aliquots weie distributed to microfuge mbes. To these tubes increasing 
amounts of biotinyl^d human TNF aljAa were added The biotinylated cytoidine was 
imrubatcd with the stieptavidin gold for 1 hour. The material was ^cntrifiiged at 10.000 
rpms for 10 nun- The resultant supernatant was colbcted and saved for TNF 
determinations. The pellets from each tube wcne washed 1 time with ^biiizing solution 
and recentrifuged. The supernatant from this spin wius discarded. The pellet wss 
reconstituted to 1 ml with stabilizing solution and both the pellet and initial supernatant 
were assayed fc«^ TNF concentrations using our CYTEUSA™ TNF kit. One can ^e 
that greater than 90% of the biotinylated TNF immunoreactivity was found in the pellet 
(Fig. 10.) indicating that the biotinylak^ TNF was c^tured by tte stieptavidin bound 
gold. 

Example 17 

This experiment was to evaluate the feasibility of the streptavidin gold 
complex as a targeted drug delivety system. In order for this occur the ^ptavidin 
conjugated colloidal gold must bind bc^ a biotinylated taigetii^ ligand as well as a 
biotinylated therapeutic. To inv^tig^ this* we perform^ Ae following experiment. 

100 ml of a 32 nm colloidal gold solution was bound u^th a saturating 
concentr^on of streptavidin. After 1 hour die sol was centrifbged and washed as 
described above. Hie colloidal gold bound streptavidin was then bound with sub* 
saturadng concentiatioi^ of biotinylated cytokine. The material was vonexed and 
incubated for 1 hour at n>om temperature. Afterwaids the sol was centrifuged and the 
pellet incubated with a solution of t»otinylated polylysine. After a 1 hour incubation, the 
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sol was re^centriftiged and washed. After a final spin and ^suspension (the fuia] 
volume of the sol was approximately 1 ml) 50 »ig of the pgaiactosidasc repofter ^ene 
was inctibated with the concentrated stxeptavidin/biotinylated cytokine/^lylystne 
chimera for 1 hour. The materia] was centrifijged to remove unbound plasmid ONA. 
The final construct (bioiin EGF^SAP^Au-biotin polylysine-DNA) was centrifijged at 
14,000 rpms. The supernatant was assayed for the piesence of DNA by determining its 
OD at 2^ nm. We observed a decrease in the supernatant OD @ 2&) nm from 0.95 to 
0,25 after the incubation of the plasmid DNA with the biotin EGF-SAP-Au*biotin 
polylysine construct. The DNA was bound by the biocin EGF-SAP-Au-biotin 
polylysine-DNA and was ccntrifiiged CHit of the sol into the pellet Thc^ show that 
a new drag delivery system was ctevcloped using avidin binding to colloidal ^old. 
Biodnylation of the tai^eting and delivery paylo^ was dwR used as the meth<Kl for 
binding ttese mol^ules to the colloidal gold based dnig/gene delivery system. 

It should be understood, of course, that the foregoing reia^ only to 
preferred embodiments of tte present invention and that numerous modifications or 
alterations may be made therein withcHJt departing from the spirit and the scope of the 
invention as set fortfi in the appended claims. 
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3 THK CLAIMS DEFINING THE INVlGimON ARE AS FOLLOWS: 

04 1* A mc&od fbr afltecting an immnyie respond, comprising, edmimstermg a 
compositioB comprising colloidal metal particles, an an%eii, aiad at least one 

^ S component-sp^ific immimostiimilatiiig agent, vdieion the compoi^nt-specific 

^ immiinostumjlating agcotit is mterleuddn-ip <IL-IP), tarnor i^eicixisis &ctQr-a (TNFa), 

^ Flt-3 ligand, mtedaiikm-6 (lLr6)^ bsM killed hfycobacierium btOyricum^ or interleukin^ 

^ 2 (IL-2), and whercm the antigen and the iminunostinMatmg a^t t»>t liie same 

molecule. 

O 10 

^ 2. The method of claim 1. wherein the antigen compiiMfs inli^lcakm-l iCIL-I), 

interletilcm-2 (XL-2X interlfflddn-B 0I.-3), to^rteildn-4 intorlcnkinrS (DL-SX 

int^Ieuldn-^ <IL^, interleuidai-7 (IL-7), intejieufcm-8 (IL-8), interle\ikin-10 (IL-10), 
inteHeukin-U (IL-UX iiitork«Idn.l2 (IL-12), interleiddn-O (IL-13X lipid A, 
1 5 pbospholipasc A2, endotoxins, staphylococcal enteio1x>xin B, Type I Inteifeon, Tyi^ II 
Interferon^ tumor necro^s &ctor a (THNF-a), transfonnin^ growth factor-p (TGFp), 
lymphotoxM mtgraEdon tnhibitioi] &ctor, gnamdocyte-maert^a^ rolcmy^s timn l atine 
factor (CSF), mcnocyte-macropafage CSF, granulocyte CSF, "i^usoular epitibteibl growth 
factor (VEGF), angioge^ transforming growth fcctor (T<5F-a), heat sh£Ki: proteins 
20 (HSPsX carbohydrate moieties of blood groups^ Rh factors, iStecoblast growth factor, 
nudeoti^ DNA, RNA, mRNA, MART» MAGE» BAOE, mutant p53, tyrosinase, 
AZTp angiostatm. endostatin, or acambination ttieapeof* 

3. The meOiod of claim 1» wherein administeing tte composition comiwfaes 
25 sequentially iu2tivating a. primer phase and m ijopcmtmization phase of tiie immune 

response. 

4. The inetibod of claim 3, wherein activ^ix^ the primer i^hase ecnong^nse^ the 
sttmulatiodti of antigen presenting cells select^ &om a g^up «n^isting of 

3D maanophages^ dendritic cells and B cells, 

5. The method of claim 3, whcrdn activating the primer phase cwigprisea the 
activation of mMrophages and t^mdritib ceUs* 

35 6. The method of claim 3, wherein activBting the immunization pha^ comprises 
the stimulation of lymphocytes selected fiom a group consisting of B cells aiKi T ceMs, 
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^ 7. The method of claim 3, vt^iexein activadiw tiie priniBr phase and the 

<SJ immunization phase coropdse a simultaneous activatioa of macK^jbages and cbaidritib 

cells followed by a simultaneous activatioo of B cells mid T cells. 

^ 8. The metbod of claim 1, wheteia die method stunvlates tbe imrawie lespoose. 

cn 

^ 9. The m^Sbod of claim 1, wheteia the mettiod supplies die immune Tesponse. 

CO 

^ 10 10^ A metbod for e^ancu^ vBccine eMc€^y eomprising sdinimsterix^ a 

^ compo&dtioa comi»idng colloidal mttal |Wtiol«s, an aatif^ apctd at least one 

component-specific inmnmostiaiulating agent* wberdii the mmpoiK^^^pccific 
immut3£>stimiilatmg agent is iniBrfeiildti-lp (IL^l^), tumor i^^osis fector-a (TOBFa), 
Flt-3 ligand, interleukm-6 (IL-6), heat kaied Afycobacierium tntiyricim, or interleuidtt^ 
IS 2 (IL^2)» and wherein the antigen and the inimunosdmulating sgent axe not the same 
molecule* 


IL The method of claim 10^ wherein tbe antigen comprises intoleukin-l IpDL-l), 
iBterleijkii^2 (IL-2\ inteleukin-3 interlenkin-4 <JL-4% interlenMi^-S (IL-S), 

20 interleykin-6 inter3enkin-7 (EL-T), interleuJdn*8 (11^8), interlcnkin-10 ^DL^IO), 

intcrlciikin-ll (IL-11), iDterlcakin-12 (IL*i2X intcrlwkin-lS Kpid A, 

phospholipa^e A2, endoUndns^ staphylococcal enierotoidii Type I inte^exon, Type II 
Interferon, tumor riccrosis ftctor a (TNF^oX transfoiming growth fector-p (TGF-pX 
lymphotoxin migraition inhibition feetor, granulocyi^macrophage colony*stimuiating 

25 fectoi (CSF), monocy^-macropahge CSF, granulocyte CSF» vascular epithelial growth 
factor (VEGF)» ragiogemn, transfonmng gmwth factor (TGF-a), heat shock lOTteiM 
(HSPs), carbohydrale moieties of Uood groi3|^ Rh fisctors, fifaroblast ^wth &ctor, 
nncleotides, DNA, RNA, mRNA, MART. MAGE, BAG&» mutant p53, tyrosinase, 
AZT, angiostBdii, endostatts]^ or a comhinaticm thereof, 

30 

12* The method of claim 10. wherein the administering of component^^s^Kscific 
ixtnnunostixiudating ^ents comitfises sequential administration of component-specafic 
immunostimulalmg agients. 

35 13. The method of claim 10, wherein the colloidal metal particles are of dififcrent 
sizes. 
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^ 14. Tlic mefhod of cbim 13, ^cmin sdid administcriixg comprises amultaneously 

CS administermg the component-specific stimtjlatmg ageci^ the axsligaai azid colloidal 

metal partldt^ of dififerc^ sizes as a single dose. 

to 5 

^ 15^ The medK>d of claim 10, wherdn said admiidslmtag iX)inpri$e$ ond» 

Intrazniiscular, or pmoiteial adniimstratioii, 

^ 16. Tb^ metiiod of claim 10, wherein admimsteni^ comprises adinimstrati^ with a 

O 10 earner molecule. 

17, The metlKid of claim 10^ wherein the earner molecule compEiim liposomes. 
micro<^sules» midospheies or a combination thmtof. 

15 18* The method of claim 10, ^otsin the method is used to sthnnlate or suppress 
immune componrots in the treatment of disease, wherein Ihe disease is cancer, allergic 
rhmitts^ eczeo^ mtioaria, anaphylaxis, transplant lejecdcii^ systemic hspm 
eithymatosus. rheumatoid arlhritis^ sercnuagalive spoiidyioardiritide$» Sjfmg^^s 
syndrome, systemic sderosis^ polymyositis, demia^myositis, Tyj^ I Diai^^es l^^itns, 

20 Acquired Immune jDeficioicy Syndronu:, Ifaahimoto*3 thyroiditis, Grews* disease, 
Addison's disease^ polyendocrine autoimmune disease, hepatitis, sclerosing cholangitis, 
primaiy biliary cinhosts, pernicious anemia, coeliac disease, ai^body-medialed 
n^hfitb* g^omeniloncphrifis, Wi^|ener*s gEanulomatosis, microscopic polyaitantis, 
polyart^itis nodosa, pemphigus* dennatitis tesfpetiformls, {^riasis. vitiligo, mul^le 

25 sclerosis, encephalomj^litis, Guillain-Barre syndron:^. Myasthenia Gravis, IjamherU 
Eaton syndrome, sclera, cpisclcia* uveitis, chronic mucocutaneous candidiasis, Bruton*s 
syndrome, tFansient hypogamixtaglolmlinemia of in&ncy, myeloma, x-linked hyper 
IgM syndit>me, Wiskott-Aldrich syndrome, ataxia telangitesctasia, autobnmnne 
hemolytic anemia, autoimmune thrombocytopenia, autoimruw neutxopsna^ 

30 Waldenstrom's macroglobulincima, amyloidosis, chronic lymphocytic leukemia, or 
non-^Hod^kin*s lymphoma. 
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